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© the Taw,—The Tongue, — Mujcles of the Palate, Oc. 


RA yp. 


Cnar.” XIL—page Ps 
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Scapalis Meſcles.—Muſcles of the F 5 the Hand. | 


Of the Fi gs: 


C uA. XV.--page 224. 
The Cellular Subſtance, Fat, and Integuments of the Body. 


General Deſcription of the Cellular Subſtance ; its Uſes.uThe 
Fat; its Uſer—The Skhin,—The Organ of Touch.—The 
Epidermis oye of the black Colour of the Africans, —Corns. 
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er. XVI.—page 230. 
The Hair and the Nails. 
Opinions of Anatomifts with reſpect to the Nature of hs Hair, 


Nails, &c.—Hair originates from the Cellular Subſtance.— Fon- 
tana's Obſervations on Hair,—The Nails. —T he Horns, Hoof?, 


and Clones of Animals, 
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Char. XVIII. —page 235. 
The Stomach and Inteſtines. 


| General Deſcription of the Stomach. Length of the Intoftinith 
in Man and Quadrupeds.—Small and large Inteftines. © 


2 n 29. XIX. — page 242. 
The Liver, Spleen, and Pancreas... 
Nature and Situation of the Liver.—The Gall Bladder, —Bile 
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The Organs placed near, but without the * of the Ab- 


domen. 
8 Glandulæ Suprarenales.— J he Kidneys. —The Bladder. 


Cn. K 253. 
| The Cavities bf the Mouth and Fauces, &c. 


The Palate.—The Pharynx.—The Oeſophagus—T he 3 — 
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The Pleura, the Lungs, and the Thymus. 
Deſcription of the T horax.—The Pleura.—The Breafts 3 


of Infants contain Milk. — The Mediaſtinum as Lungs,—T he 
Thymus. 
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The Heart. 


The Prricardium.—The Heart. The Ventricles and Auri 3 
Their Uſes—General View of the Bleod-weſſelt. 
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General Diſtribution of the Arteries. 
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Celiac Artery.— Meſanteric Arteries.— Renal Arteries —Lum- 
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General Diſtribution of the Veins. 


Raben Vein. Vina Cava Vein of the Head. * 
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Axygos.-Veins of the lower Extremities, Courſe of the * 
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 Cnar. XXVI.page 293. 
Structure and Courſe of the Lymphatics. 


Two Kinds of Lymphatics.—D-ſcription of theſe Veſſels. Hu- 
Fhatic Glands, —Lageals. 7 beracic Due. A Lf 08 of the 
Chyle, S. c. 


CMA XXVII.—page 297. 
Of the Brain, &c. | 
The Dura Mater.—The Falx.—Sinuſes of the Brain.—The 


Pia Mater.—The Cerebrum and Cerebellum.—Source of the 


Optic Nerwes,—The Pineal Gland.—The ſuppoſed Seat of 
the Soul.The Madulla Oblongata.—qSource of the Nerves. _ 
The __ Marrow. 


CnapP. xXXVM —page 311. 
Structure and general Diſtribution of the Nerves, 


Origin of the Nerves.— Extreme Subtility of the Nervous Fibres.— 


Ganglions.=Plexus,—Fontana's Micro/copical Obſervations og 
Nerves —Nerwes from the Brain. — O factory and Optic Nerwes, 


Wo.—Auditory Nerves, &c.— Lingual Nerves, Qc.— Sympa- 


thetic Nerve. — Nerves from the Spinal Marrow.— Phreaic 


Nerve. Dorſal and Brachial Nerves, &c.-Lnmbar and | 


Crural Nerugs, & c,-Sciatic Nerve. 
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CAT. XXIX. — page 336. 
Circulation of the Blood. 


18 of the Heart, and Circulation in cold-blooded y © At 
Circulation in the warm-blooded Animals. Courſe of the Blood 
through the Lung. Through the reſt of the Body. — Ramifica- 
tions of Arteries.— Valvular Structure of Vein. rod wing 
from the Structure of Lymphatics. 


CAP. XXX. —page 340. 
Secretion, Excretion, Abſorption „and Nouriſhment. 


General Effet: of Secretion.—T he Glands. 1 Secretion 

of Bile. —How this Function is performed in Fiſhes, — Abſorp- 

tion—Lymphatic Gland. — Nouri tor Reparation of * 
Body. — Bones become more folid i in old Age. 


| C1 1 A P. XXX1. —pape 347. 
Digeſtion. 
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—By Birdi.— The Gizzard of Fowls, and its Ujes. — Birds of 
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parti difolved by its Action after Death. — Fermentation only 

tales place in diſeaſed Stomachs.—What Subftances are digeſti- 
Ble, and the contrary. — Powers of Digeſtion in different Animals. 
— Carnivoreus. — Graniverous. — Graminivorous, — Sleeping 
Animals, Accommodating Power of the Stomach. | 
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nr. XXXII.—page 365. 
| Reſpiration and Animal Heat, 


Aspiration in part an involuntary Function. Four Stapes of Re 
- Jpiration.— Uſes of Reſpiration. Reſpiration of Inſects different 
from that of other Animals. I be red Colcur of the Blood dee 

rived from the Air in Rejpiration.—Dr. Prieficey's Experiments. 
Dr. Gcodwinx' Experiments. The cæygencus Part of the Air 
Aiminiſbe by Ręſpiration. Fixed Air generated in the Lungs 
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in Reſpiration and expired. Animal Heat. produced by Reſpira- 
tion, —Inftanced in different Animals. —Dr. Crawford's inge- 
ious . | | 


"e HAP, xXxXIII —page 379. 
| The Voice. 


Taftrument of Sound in the Animal Body.—The Larynx.— Experi- | 


ments on the Windpipes of different Animals.——Whether the 
| Larynx afts as a wind or fringed Inflrument.—Singing, how 
per formed. —Speaking.—W Dre. . 


CHAP. XXXIV ,—page FS 
| | Muſcular Motion. 

Inquiry whether any Thing equivalent to muſcular Motion is to be 
found in the other Parts of Creation, —Different Hypotheſes con- 
cerning the Cauſe of muſcu ar Motion. — Its Dependence on the 
Will.—Contra&ile Power of Muſcles after Death Extent of 
the Contraction of Muſcles — Advantage from the O liguity of 
certain Muſcles, Inſertion of the Tendons.— Force of Muſcles. 


Cuar. XXXV.—page 389. 
Animal Electricity. 


Accidental D. 2 of M. Galvani.— Animal Electricity only 

excited by Metals. — Experiments on dead Animals —Condudors 
and Non-condufors of this Power.— Experiments on the living 
| Suljea, — On Earth Worms, Oe. — Analog y between this Power 
and EleAricity.Shock of the Torpedo. Nervous Energy. 


CHAP, XXXVI.—page 401. 
Senſation. 


Difficulty of the Subject. — Senſation the Effect of certain Relations 

. eftabliſhed by the Creator —Otjeds of different Senſes.— In- 
Auence of the Nerves in conveying Senſations to the Brain — 
The Brain the Repoſitory of Ideas.— Inftin®- of Animals as con- 
need with the nervous Syſlem.—Harmony ' of the Senſes, 
Duration of ſenſible Impreſſions. —T he Five Senſes. 
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Cc nA. XXXVII. —page 408. ; 
Touch, und ite Organs. 


The moſt extenſive of the Senſes—Organs of Touch. pals 4 
Manner it enables us to judge of the Qualities of mg 
Man couched by Che/elden Remarks on his C _ 5 


cet. Xxxv gage 411. 
Taſte, and its Organs. | 


| Th Tongue the Organ of Taſte. — Deſcriptlion of it * 1 17 | 
plied with Nerves. e 2 Y the Tongue.— How rafting 7s 
Per perf ormed, 5 L | | 


Canay, xxxix page it 
Smelling, and its Organs. 


Final Cauſe of this Senſe.—Leſs acute in Man than in ſeme other 
Animals, —Different alſo from theirs, Deſcription of the Organs 
of Scent. C . between this Senſe and that of T afte, 


. Cu. XI. —page 416. 
Hearing, and its Organs. 


| Deſeriprion of the Ear— Admirable Structure of this Organ for, 
conveying and echoing Sound. — Manner in which the Pulſes of 
Air are conveyed to the Ear — Communication by the Euftachian 
Tube.—Reaſon why Perſons who liſten attentively open their 
Meuths.—The Membrana Tympani probably the great Meru- 

went of Hearing. 


Char, XLI.—page 426. 


Sight. 


Deſcription of the Eye. — Eyes of di ifferent Animals =—Hew Filſon 
is performed. How all the Parts of an Objett are comprebende} 
by the Eye.— An Image of every Objea painted on the Retina of 

| each Eye, and yet only one Obje& perceived. —Cauſe and Cure 
of Sguinting.— 1 he Senſe of Sight limited.— By wvhat Means wt 

 gadge of Diſtance.— State of the Sight at di beg Aen. Ca- 
teous fer preſerving the a | 
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Onerr. XLI—page 448. 
The Geſtation and Birth of Animals. 
Parigties in the Produfion of Animals.—Proportion. of, Males ta 


| ' Females==Growth of the fetus —Oviparous Animal: -A iode 


of Emiflence before Birth —Weight- of a newborn Infant. 
Miſcellaneous Calculations rencerning the . of Births to 
that of Deaths in 1 8 8 


- Cu A 15 XLIIL—page 457- 
The Gromb and Decline of the Body. 


increaſe of the Body before and after Birth, Diſpropertion of the 
Part, ditreaſes with Growth.—What Parts firſt ceaſe to in- 
creaſe in Size. —Youth.— Manhood. — Firft Symptoms of Decline. 
As. what Period old Ace generally commences. —Symptoms of 
Ae. Cauſe wy the _—_ 5 rame cannot be of long Dura- 
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Book XK. 
or THE HUMAN MIND. 


CAA. 1—pege 451. 
Of the Study of the Human Mind. 


Our "Knoquludge of Mind limited, =Confuſed by Metaphyfics.— 


Plan of this Inquiry—The Firſt Part respect the In/truments 
and Modes of Aion of the Human Mind.—The Second, the 


Springs or active Freer Third, the meſt important 
nt in Morals, Se. 


CHarP. 5 466. 
: Of Perception. 
The Senfes the great Source of Information. —Diftin&ion between 
| Senſation and Perception. — Semnſes correct each other.—Whether 


'the ſame Object produce ae N 4 different Men. 
Ideas. 
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n CMA. III.—page 470. 
Of Ideas. 


| Tatar of sale, nnd RefleBion. Simple and —— | 
9 8 and. hg ; 
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8 Of Aſſociation. 

Synchronous Aſſiciations.—Succeſſive Aſſeciations.—A great Part 
of our Knowledge confifts of the latter.——Common Senſe.—T rain 
of Ideas.—In what Manner the Train of Ideas is carried on.— 
Relations of Contiguity, & c.—-Hew theſe are formed in the 


Mind. How the Train of Ideas is n. * of the 
Will. 


CATx. v. — page 482. 
Memory. 1 5 
Idea: of Memory. Diſtinguiſped from Ideas of Imagination. — 


Judgment concerning Diſtance of Fact. — Memory in Y, * and 
Old Perfons,—R ecollection. N | 


CuAx. . 489. 
5 Of Invention. 
Invention; aht. Idea: of Memory and Imagination. In ven- 
tion and Judgment. 


Char, VII.—page 492. 
| Of Judgment: 
Fudgment ; what,—Afent —Probability. 


Cn av. Vill—page 495. 
| Of Words. 
| Abfirat and general Terms.—Uſes and Abuſe of n. 
| Thinking in Language. 
Cnar. 


CAT. IX. —page 500. | 
Of Pleaſure and Pain. 


Phatin in conſequence of Afion—By Affeciation,—By Paſſion —— 
Urility.— Surpriſe.— Variety. — Regularity.— Imagination. 


CHAT. X. —page 509. 
Of Love and Hatred. 


Definition of Love. Origin of the Social Paſſion.—Diſlike and 
| Hatred. —Defire and Averſion, 
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nr. XI. — page 511. 
of Beauty. 


Of Beauty in general ,—Original.-From Afſeciation.—Nature 
and Art. 


CHay, XII.—page 517. 
| Of Cuſtom. | | 
Pain from Cuftom.—Pleaſure.— Admiration. 


nr. XIII.—page 521. 
The Paſſions. 


of the Paſſions in general. — Particular Paſſions. Aſſciated 
Paſſions. — Paternal A ou —- Ambition. 
Love. 


CAT. XIV. —page 532. | | 
Of Reaſoning. | | : 


co 8 ks ; what.—Defefive Reaſoning. —Analogical Rea- 
| POE ION Data.—Pleafures of Reaſoning. ; 


\Cnar. 8 539. 
Of the Arts. 
Maſic.— Painting. Poetry.— Wit. 
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CAT. XVI.—page 543. 
Of Morals. 


Le ef the Dodrine of Aſſociation in Morals —Two Theories if | 
| Meals. 4 Moral Senſe. —The Arguments againſt a Moral 
$a — A ftrong Argument for Divine Revelation, 


uA. XVII.—page 949. 
Of Genius. 


Ce Objervations on what conflitutes Genius, — Of the Pas: 
rieties in Genius.—Genius oppoſed to — Caſt 
of Genius, 


N u Ar. XVII page 555. 


Of Taſte. 5 
Of 3 and Diſagreement in hs —Of a Standard f | 
| T a/te. | \ 
Caae, XIX.—page 558. 
Of Opinion. 


Paradox of the Stoics—Explanation,=T he ſenfible Pleaſures more 
znmerous than the ſenſible Pains.— he fan _—_ the intellectual 
Pleaſures and Pains, 


CAA. 3 560. 
Of the Free Agency of Man. 


Predoſtination, or fatal Neceſſity, not connected with the Docirine 
of the Aiciation of Ideas —[nconfiſtency of the Fatalis. 
Motive and Action in Morals totally different from Cauje and 

Eged in Phyſics.—The Ouas Probandi in this Queſtion lies on 
the Fatalifls.— Queſtion concerning the Influence of Motives.— 
Argument of the F atelifts from the Divine Preſcience. Ard 
end horrible Conſequences reſulting from the Doctrine Fa- 
tality.— Modeiy and eee recommended in philoſophical 
Studies.—T hoſe Sciences to be Jenn, which are moſt e con- 

ne@ed with retina! Utility. 


Book 


Boox VIII. 


OF VEGETABLES. 


Carb 


STRUG TURE OF VEGETABLES. 


General Obſervations on organized. Bodies. — Conftituent-Principlet 


of Vegetable Matter.—Struture of Plants. —T he Stem.-—T he 
Bark. — The Mood. The Pith. — The vaſcular Syſtem in 


Plants, — Reſpiration of Plants.—The Root.—T he Leaves. 


The Flower.——The Fruit. The Seed. — Bonnet's Experiments. 
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DISTINCTION has been eſtabliſhed by 
philoſophers, which is not deſtitute of utility, 
3 it muſt be confeſſed that in this, as in every 


other inſtance which regards the ſyſtem of nature, 


the line of demarcation is ſcarcely defined with 
ſufficient preciſion.— All natural bodies have been 
claſſed under two grand diviſions; unorganized and 
organized bodies. If the phraſe vegetable life 
might be freely admitted, i it would be conſiſtent with 
correctneſs to term the former the inanimate, and 
the latter the animated parts of creation. Through 
the former of theſe regions we have already travelled 
with ſome diligence, though it is to be appre- 
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hended not without pain and difficulty to the 
reader: for an author is but ſeldom an adequate 
judge of the degree of entertainment which his la- 
bours are capable of affording to others. The 
latter, which includes what the old writers denomi- 
nate the vegetable and animal kingdoms, remains to 

be conſidered. | | 

Unorganized bodies, we have ſeen, conſiſt of 
ſimple combinations of a vaſt variety of different 
elementary principles. Organized bodies, on the 
contrary, conſiſt of few principles; but in the pro- 
portions, combinations, and arrangement of theſe 
principles, they are infinitely varied; and their 
ſtructure is as complex, as their materials are ſim- 
ple. Thus, in the mineral creation we may enume- 
rate not fewer than chirty-three diſtin& elementary 
principles; the vegetable creation for the moſt part 
conſiſts only of three; and the utmoſt to which it 
can be extended, is about ſix or ſeven diſtinct ſpecies 
of matter, which occaſionally enter into the com- 
poſition of thoſe! varied beauties, that ſingularity of 

tructure, that vaſt aſſemblage of organized bodies, 
ſo different in qualities and external appearance, 
which the woods, the fields, and the gardens, pre- 
ſent to our view: ſo numerous that they have 
hitherto eluded the art of the moſt ſkilful botaniſt 
ro methodize and arrange. 

The conſtituent or elementary principles of ve- 
getables, are hydrogen, oxygen, and charcoal. 
Theſe, as far as our obſervations have hitherto ex- 
tended, are common to all vegetables. There are 
ſome other ſubſtances, ſuch as calcarious earth, iron, 
and azote, which are occaſionally found in vege- 

| tables; 


Chap. 1.] 5 Parts of Vegetables. ps 9 


tables; but as they are not common to all plants, 
they cannot be conſidered as eſſential to the conſti- 
tution of vegetable matter. 

But if the materials of which vegetables are 
compoſed are ſo ſew and ſimple, their organization 
is curious beyond any thing which the: mineral 
world preſents to our, view. The parts of vege- 


tables, which naturaliſts are accuſtomed to conſider 


as diſtin& in their nature and functions, are ſix, the 
ſtem or trunk, the root, the leaf, the flower, the 
fruit, and the ſeed. In many vegetables the root 


appears nearly ſimilar, in all its conſtituent parts 


and principles, to the ſtem or trunk, and indeed the 
one ſeems a continuation of the other ; which muſt 


be my apology for reverſing in ſome degree the 


order of nature, and treating firſt of that part, which 
though it ſeems to proceed or ſpring immediately 
from the other, is yet the moſt perfect in its organi- 


zation, and is in general of the greateſt uſe and i im- 


portance to man. 

I. The ſtem or trunk, which includes alſo the 
branches, I might ſay all the more ſolid and ſub- 
ſtantial parts of a tree or plant, conſiſts of three 
parts, the bark, the wood, and the pith. 


1ſt. The bark is protected on the outlide by a 


cuticle, epidermis, or ſcarf-ſkin, which conſiſts ſome- 
times of numerous layers, and differs in thickneſs 
in different plants. This ſkin or cuticle is an or- 
ganized body, compoſed of very minute bladders, 
interſperſed with longitudinal woody fibres, as in 
the nettle, thiſtle, and the generality of herbs, It 


contains alſo longitudinal veſſels, and is viſibly po- 


rous in ſome Plants, and particularly the ane 
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On removing the cuticle, the true bark appears, 
and may be conſidered as a congeries of pulp or 


cellular ſubſtance, in which are placed a number of 
veſſels, as well as longitudinal fibres. The veſſels 


of the bark are differently ſituated, and deſtined for 


various uſes, in different plants. In the bark of the 


pine, for inſtance, the inmoſt are lymph- ducts, ex- 
ceedingly minute; thoſe, neareſt the ſurface are 
gum or reſiniferous veſſels, for the ſecretion of the 
turpentine, and theſe are fo large as to be viſible to 
the naked eye. 

2d. The wood lies between the bak and the pith. 
Its ſubſtance is denſer that that of the bark, and. 
ics ſtructure more difficult to be underſtood. Tr is 
however generally ſuppoſed to conſiſt of two ſub-. 


| ſtances, the parenchymatous or cellular, and the 


ligneous. The ligneous parts are no more than a 
congeries of old, dried lymph-· ducts. Between the 


bark and the wood a new ring of theſe ducts is. 


formed every year, which gradually loſes its foft- 
neis as the cold ſeaſon approaches, and towards the 


middle of winter is condenſed into a ſolid ring of 


wood. Theſe annual rings, which are viſible in 
moſt trees when cut tranſverſely, ſerve as marks to 
determine their age. They ſeem to decreaſe in 
breadth, as the tree Heine] in age; and as they are 
found to be very unequal in fize throughout, their 
breadth probably varies according as the ſeaſon i. 1s. 
favourable or otherwiſe, 


The wood differs from the bark, not merely in 


the degree of hardneſs; its ſtrufture is eſſentially 
different, and the apparent converſion of bark into 
wood is entirely a deception. One ſtriking dif- 


ference 
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ry, 


ference between the wood and the bark i Is, t that. the 


former is poſſeſſed of ſpiral veſſels which run from 
one end of the tree to the other. From the great 
reſemblance of theſe air- veſſels to thoſe of inſects, 


they are ſuppoſed to be ſubſervient to the ſame 
function. The ſtem of ſome plants is entirely hol- 


low, partly, it is ſuppoſed, from theſe plants, which 


are generally of a quick growth, requiring a more 
than ordinary ſupply of air. 


3d. The pith is ſituated i in the center of the ſtem, 
and in young plants it is very abundant. It is faid 
by ſome authors to conſiſt of exactly the ſame ſub- 
ſtance as the parenchyma or cellular ſubſtance of 


the bark ; and to be compoſed of ſmall cells or 


bladders, generally of a circular figure, though i in 
ſome plants, as the borage and thiſtle, they are an- 
gular. In moſt plants the pith gradually dies away 


as they approach to maturity; and in old trees it 
is almoſt entirely obliterated. 


Such are the ſolid parts of plants; but to render 


their organization more clearly underſtood, in plate 


I. fig. 1. is the ſection of a branch of aſh, cut tranſ- 
verſcly as it appears to the eye. Fig 2. is the ſame 


ſection magnified. A. A. the ha” B. B. B. an 


arched ring ; of ſap- veſſels next the cuticle. C. C. C. 
the cellular ſubſtance of the bark, with another 
arched row of ſap- veſſels. D. D. a circular line of 
lymph-· ducts next the wood. E. E. the wood. F. 


the firſt year's growth. G. the ſecond. H. the third. 


I. I. I. the true wood. K. K. the great air-veſſels. 


L. L. the leſſer air-veſſels. M. M. M. parenchy- 


matous inſertions of the bark, repreſented by white 


rays. N. O. the pith. | 
B =: | The - 
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6 Air Veſſels of Plants. [Book VIII. 
The name of air-veſlels, as was before remarked, . 
has been given to certain tubes ſituated in the wood, 
leaves, and petals, but not in the bark of trees. 
They are formed by a number of ſmall filaments, 
ſpirally rolled up ſo as to form a cavity in the mid- 
dle, and arc ſuppoſed to be the inſtruments of re- 
ſpiration in plants; but how this function is per- 
formed, is not clearly underſtood. Trees and 
ſhrubs only are poſſeſſed of air-veſſels ; and when 
a plant is placed under the exhauſted receiver of 
an air-pump, the air only iſſues from the wood 
in which the air-veſſels are ſituated. 
There is reaſon to believe that the air's proper 
entrance to plants is through the cuticle, which is 
proved to be a vaſcular Be ſince, when under 
an exhauſted receiver, it iſſues directly through the 
cuticle. That the air is neceſſary to the ſuſtenance 
of plants, appears from the experiments of Dr. 
Bell “. In the winter ſeaſon he covered ſeveral 
young trees with varniſh, leaving the tops of the 
branches only expoſed to the air. They remained 
in this ſituation during the following ſummer, when 
ſome of them lived, though in a languid ſtate ; but 
thoſe from which the air " bad been more accurately 
excluded, died without a ſingle exception. To this 
proof the ſame author al that trees overgrown 
with moſs have few leaves, weak 8 and 
ſcarcely any fruit; and that it is the common 
practice of all judicious gardeners to ſtrip the moſs 
from the bark of aged trees, which by admitting 


* See his excellent Theſis on the Phyſiology of Gs 
| aner Mem. vol. ii. 
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the air, generally reſtores them to vigour and fruit- 
fulneſs. 

II. The root, which fixes the plant to the earth, 
and is the chief ſource of its nouriſhment, differs 


much in different ſpecies of vegetables. All roots 


agree 1n being fibrous at their extremities, and it is 
by their fibres chiefly that they are fitted to draw 
nouriſhment. The root terminates upwards in the 
ſtem or trunk, which ſuſtains the other parts of the 
vegetable. The internal ſtructure of the root, or 
rather of its fibres, differs not very materially in 
general from that of the ſtem. It conſiſts of a cuticle, 
bark, wood, and commonly of a ſmall portion of pith ; 
though there are ſome roots which have no pith at 
all, while there are others which have little or none 
at the extremities, but a conſiderable quantity near 
the top. The curicle, in all roots at a certain age, is 
double; the cortical ſubſtance, : or bark, differs 


greatly in its quantity and diſpoſition in different 


plants. In trees it is thin; in carrots, on the con- 
trary, it is one half of the ſemi · diameter of the root; 


and in dandelion it is nearly twice as thick as the 


woody part. The roots, as well as the trunk of 
plants, are furniſhed with a variety of veſſels for the 
purpoſe of conveying and circulating air and the 
Juices neceſſary to their nouriſhment. 

In plate I. fig. 3. is a ſection of the root of 
wormwood, as it appears to the eye; and fig. 4. is 
the ſame magnified. A. A. the ſkin with its veſſels. 
B. B. B. the bark. C. C. C. the lymph ducts of the 
bark. The other holes are ſmall cells or ſap-veſ- 
ſels. D. D. D. parenchymatous inſertions from the 


B 4. | 5 bark. 
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bat E. E. E. the rays of the wood, with the air- 
veſſels, —This root has no pith, * 

III. The leaves are organs eſſential to the ex- 
iſtence of plants. Trees periſh when totally diveſted 
of them; and in general, when ſtript of any con- 
ſiderable proportion of their leaves, they do not 
ſhoot vigorouſly. The leaves are formed by the 
expanſion of the veſſels of the ſtalk into a net-work, 
which exhibits a beautiful appearance when the in- 
termediate parenchymatous matter is conſumed by 
putrefaction. Both ſurfaces of the leaf are covered 
with a membrane, which is a thin bark, continued 
from the ſcarf-ſkin of the ſtalk, 

IV. The flower conſiſts of four parts, the calyx, 
the corolla, the ſtamina, and the piſtillum. The 
calyx or flower- cup is almoſt always of a green co- 
our, and is that which ſurrounds and ſupports all 

the other parts of the flower. The corolla is of 
various colours, is variouſly ſhaped in different 
vegetables, and is that which conſtitutes the moſt 
conſpicuous part of the flower. It ſometimes con- 
ſiſts of one continued ſubſtance, but more frequently 
of ſeveral portions, which are called petals. The 
ſtamina are ſuppoſed to be the male part of the 
flower. Linnæus defines them to be an entrail of 
the plant, deſigned for the preparation of the pollen, 
Each ſtamen conſiſts of two parts; the filimentum 
or fine thread which ſupports the anthera, and the 
anthera itſelf, which contains within it the pollen, 
and when come to maturity diſcharges it for the 
impregnation of the germen, From the ſuppoſed © 
function of the ſtamina, they afford the chief foun- 
dation of the diſtribution of the yegetable ſyſtem - 


inte 


into clafles, Such flowers as want this part are 
called female; ſuch às have it, but want the piſtil· 
jum, male; ſuch as have them both, hermaphro- 
dite; and ſuch as have neither, neuter. 
The piſtillum or pointal is ſuppoſed to be the | 
female part of the flower; it is defined by Lin- 
næus to be an entrail of the plant, deſigned for the 
reception of the pollen. It conſiſts of three parts, 
the germen, the ſtyle, and the ſtigma. The ger- 
men is the rudiment of the fruit accompanying the 
flower, but not yet arrived at maturity. The ſtyle 
is the part which ſerves to ele vate the ſtigma from 
the germen. The ſtigma is the ſummit of the piſ- 
tillum, and is covered with a moiſture for the 
breaking of the pollen. | 
The pericarpium or ſeed- veſſel is the germen 
grown to maturity. Such are the conſtituent parts 
of the flower; they are however infinitely varied, 
and ſerve both to diverſify the face of nature, and 
to intereſt and delight the curioſity of man. One 
curious fact it is neceſſary to notice, before I diſmiſs 
this branch of my ſubject, and that is, that every 
flower is perfectly formed many months before it 
makes its appearance. Thus the flowers which 
appear in this year are not properly the produc- 
tions of this year: the mezereon flowers in January, 
but the flowers were completely formed in the bud 
in the preceding autumn. If the coats of the tu- 
lip- root alſo are carefully ſeparated about the be- 
ginning of September, the naſcent flower, which is 
to appear in the following ſpring, will be found in a 
ſmall cell, formed by the f coats, as repre- 
| | dented 
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ſented in plate I. fig. 5. where the young flower 

appears towards the bottom of the root. 
V. The fruit conſiſts of nearly the ſame parts as 
are found in the ſtem; of a ſłin or cuticle, which 
is a production or continuation of the ſkin of the 
bark ; of an outer parenchyma, which is the ſame 
ſubſtance continued from the bark, only that its 
veſicles are larger and more. ſucculent or juicy. 
Next. the core there is commonly an inner pulp or 
parenchyma; and the core is no more than a hard 
woody membrane, which incloſes the ſeed. It is 
to be obſerved, however, that the organization of 
fruit is very various; in ſome the ſeeds are diſperſed 
through the parenchymatous or pulpy ſubſtance ; 
in ſome, inſtead of a core, we find a ſtrong. woody 
ſubſtance, incloſing the ſeed or kernel, which from 
its great hardneſs is termed the | ſtone; in ſome, 
there are a number of ſeeds; and in others, only a 
ſingle ſeed, ae! in a large maſs of Irenc ia 
tous matter, Cs 
VI. The ſeed is a ue part of « p: ee 
contaiping the rudiment of a new one. The ef- 
- ſence of the ſeed conſiſts in the corculum or little 
heart, Which is faſte ned to the cotyledones or lobes, 
and involved in them, and cloſely covered by its 
proper tunic: . The corculum conſiſts in the plu- 
mula, which is the vital ſpeck of the future plant, 
extremely ſmall in ĩts dimenſions, but increaſing 
like a bud to infinity. The roſtellum, however, 
muſt be included, which is the baſe of the plumula; 
it deſcends and firikes root, and is the part of the 
ſeed originally*contiguous to the mother plant. It 
is commonly Wppoſed, and with ſome reaſon, 
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Chap. 1. ]  * Generation of Plants. It 


that the perfe& plant, or at leaſt all the organiza- 
tion which is requiſite to a perfect plant, exiſts f in 
the ſeed, ſurrounded by a quantity of farinaceous 
matter, which ſerves to abſorb moiſture, and to 
furniſh nouriſhment to the corculum till its parts 
are ſufficiently unfolded to draw ſupport from the 


ſoil. A kidney- bean-or lupine, when it has been 


ſoaked for ſome time in water, and begun to ſwell, 


is eaſily ſeparated into its two lobes; and between 


theſe is diſplayed the naſcent plant. The naked 
eye can eaſily diſcern the ſtem, and its connexion 
with the lobes. Through the lobes are diffuſed in- 
numerable veſſels, which immediately communicate 
with the embryo plant. On the external ſurface of 
the ſeed are abſorbent veſſels, which attract the 
moiſture ; by this moiſture a degree of fermenta- 
tion is produced, and thus a juice is prepared by a 
natural proceſs in every reſpe& proper for the 
nouriſhment of the plant in its firſt efforts to ex- 
tend its tender frame. The plant in its infancy is 
almoſt a gelatinous ſubſtance, and increaſes and in- 
durates by degrees; and I believe in general the 
hardneſs of wood bears a pretty exact proportion to 


the flowneſs with which a plant increaſes. That 


part of the ſtem which is next the root is the firſt 
which aſſumes the woody texture. 


M. Bonnet, in order to aſcertain how far the 


lobes of the ſeed were neceſiary to the growth 


and health of the corculum, detached them with 
great dexterity without a vital injury to the infant 
plant. Some French- beans treated in this manner, 
and ſowed in a light ſoil, grew, but the conſequence 
wa that not only the firſt leaves were much 


ſmaller, 


12 Perpendicular Growth of Plants, [Book VIII. | 
ſmaller, but the plants were uniformly weaker in 


every part of their growth than others, which for 


the ſake of compariſon were ſown at the ſame time 
without being mutilated. The ſeeds which were 
deprived of the lobes put forth fewer bloſſoms, and 
produced leſs ſeed. The ſeeds of moſſes are natu- 
rally devoid of lobes. The firſt leaves which 
make their appearance, and which are called ſemi- 


nal, appear not leſs neceſſary to the perfection of 


the plant than the farinaceous lobes, If they hap- 
pen to be broken off, the plant experiences a Pr9= 
portional loſs of vigour. 

It is matter of curious obſervation, that ſeed, 
thrown into the ground at random, ſhould always 
come up in the proper direction. M. Dodart has 
offered an ingenious explanation of this fact, which 
conſiſts in ſuppoſing that the roſtellum contra&s by 
humidity, and that the plumula on the contrary 
contracts by dryneſs. According to this idea, when 
a ſeed is put into the ground the wrong way, the 
roſtellum, which then points upwards, contracts it- 
ſelf towards the part where there is moſt humidity, 
and therefore turns downwards. The plumula on 
the contrary pointing downwards, turns itſelf to- 


wards the part of the ſoil which is drieſt, and there- 


fore riſes towards the ſurface. This explanation, 


however, evidently | reſts on no better baſis chan 
conjecture. 


Independent of the ſeed, there are two other me- 


| thods by which plants are propagated, by flips and 


ſuckers; and many plants naturally make an effort 
to propagate themſelves in this manner. The bul- 


 bous-rooted plants in general increaſe by off: ſets. 


When 


Chap. 1. Propagation by Off-/ets. 1 
When a tulip is firſt planted in the ſpring, the ſtem 
iſſues from the middle of the bulbous root; but 
when the tulip is taken up in the autumn, the ſtem 
no longer proceeds from the middle of the root, 
but ſeems attached to one ſide. The fact is, that 
the root which is taken up is not the ſame that wag 
planted. The original root has decayed by having 
its ſubſtance abſorbed for the nouriſhment of the 
bloſſom, and a new root has been provided for the 
future year. 


[Book VIII. 


CHAP. II. 


FLUIDS OF VEGETABLES. 


The Succus Communis or Sap.—Veſjels for the Circulation of the 
Sap.—Succus Proprius; its Veſſels and Courſe. Bonnet s Expe- 
riments on the Nouriſhment of Plants.-Dr, Hales's Experiments 
on Fruit Trees.—Bonnet's on Flowers, &c, 


HE fluids or juices of vegetables, ſays Dr. 

Bell, are of two kinds. The one is of the 

ſame nature in all the variety of vegetables : the 
other varies according to the different plants in 
which it exiſts. The former, which is called the 
ſuccus communis, when collected early in the ſpring, 
from an inciſion made in the birch or vine, differs 
little from common water *. The latter, which is 
named the ſuccus proprius, poſſeſſes various proper- 
ties in various plants, and gives to each its ſenſible. 
qualities. Theſe two juices never mingle with each 
other in the tree, and the 8 is found in the vaſe 


propria only. 


* It has, 3 been alledged to contain a ſaccharine 
matter in ſome trees, as in the maple, &c. It has likewiſe been 
ſuppoſed to contain an acid. But, in various experiments 
which Dr. Bell made on it, he found nothing in it of either 
kind; and therefore, where ſuch appearances have taken place, 
he ſuppoſed them to ariſe from an adventitious mixture of the 
ſap, and the fuccus preprius. 
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Chap. 2.] Vaſcular Syſtem of Vegetables, 15 


© Tt is not yet aſcertained, whether the juices of 
plants are tranſmitted through veſſels, or cellular 
ſubſtance. ,, Each fide of the queſtion has had its 
advocates, who have ſuppported their reſpective | 
opinions with probable arguments: but it is to 
be regretted, that, on fo intereſting a ſubject, no 
concluſion can be formed from the actual diſſec- 
tion of vegetables. It however ſeems moſt pro- 
bable, that all the fluids of plants are tranſmit- 
ted through veſſels, for the following reaſons. 
1. The exiſtence of vaſa propria, and vaſa atria, 
is diſcoverable by the naked eye, and made ſtill 
more manifeſt by the microſcope. That ſuccus 
proprius and air are contained in theſe is evident, 
and therefore analogy leads us to believe, that the 
ſuccus communis is alſo contained in veſſels. 2. 
Secretion, of which vegetables have undoubtedly | 
the power, is in no inſtance, that we know of, per- 
formed without the action of veſſels. 3. An ex- 
periment, made by Dr. Hales, ſeems clearly to 
prove, that the ſap is contained within its own 
veſlels, and does not fortuitouſly pervade every 
interſtice of the plant. He fixed an inſtrument 
round the ſtem of a vine, by which its contractions 
and expanſions could be accurately meafured ; but 
he found no difference in the circumference of the 
trunk, when the tree was full of ſap, and when it 
was entirely without it, although the inſtrument 
employed was ſo nice, as to detect a variation of 
the hundredth part of a finger's breadth, If the 
ſap had been tranſmitted, without veſſels, through 
the cellular ſubſtance, this, on the IS 
| 0 
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16 Courle of the Sap. [Book VIII. 


of the ſap, would have been compriſed; and of 
courſe the ſtem of the tree would haye con- 
tracted itſelf into a ſmaller compaſs *. "en 
© Botaniſts have made many experiments to aſcer- 
tain the courſe of the ſap. Early in the ſpring, 
when the ſap begins to flow, incifions have been 
made in the trunk and branches of trees, as far as. 
the pith; and, in ſuch caſes, it has been con- 
ſtantly found, that a larger quantity of ſap flowed 
from the ſuperior, than from the inferior mar- 
gin of the inciſion. This circumſtance led to the 
opinion, that in the beginning of the ſpring, great 
quantities of moiſture are abſorbed by trees from 
the atmoſphere, and hence the ſource of the abund- 
ance of ſap . But this concluſion is found to diſ- 
agree with the phenomena of nature, from the two 
following experiments. 
© 1, Inciſions of various heights being made in the 
ſtem of ſeveral plants, their 1 roots were immerſed 
in a decoction of log-wood. The roots abſorbed 
the coloured liquor, which at length began to flow 
from the ſuperior, and not from the inferior, mar- 
gins of the inciſions; nor had the liquor extended 
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* To determine this queſtion abſolutely, it may ſeem, that 
the moſt certain and obvious method would be by injections, 
the great ſource of our knowledge of the anatomy of animals. 
They have been employcd by Bonnet, Dr. Hope, and others, 
but they have failed. They riſe a conſiderable way into plants, 
but as, in different caſes, they take different courſes, from this 
and other circynſlances there is reaſon to believe, that their 
courſe, and that of the ſap, are materially different from each 
other. 

+ Du Hamel and a w de Arbres, Tom. * 
_—— P- 67. 
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Chap, 2.] Experiments on the Courſe of the Sap. 19 


extended itſelf much upwards, beyond the margin 
of the inciſion from which it was diſcharged. = 


2. In the ſeaſon when the ſap flows moſt abun- 


dantly, called the bleeding ſeaſon, a deep cut was 
made into the branch of a growing vine, and the 
greateſt quantity of ſap was diſcharged from the 
upper margin of the inciſion :' but a branch of 
the ſame tree, cut in the ſame manner, being in- 


verted, the ſap flowed moſt copioufly from the 


other margin of the inciſion, which of courſe was 


now that next the root. On the other hand, 


many experiments may be brought to prove di- 
rectly, that, in the bleeding ſeaſon, the ſap aſcends 


from the roots towards the branches; the fol- 


lowing however may ſuffice. 1. Early in the 
ſpring, when little or no ſap had as yet entered 
the plant, Dr. Hope made a number of inciſions, 
of different altitudes, into the root and ſtem of a 
birch. As the fap roſe, it firſt flowed from the 
ſuperior margin of the loweſt inciſion, and then, 
in regular ſucceſſion, from the upper margins of 
the other inciſions, till at laſt it reached the higheſt. 
2, If, in the beginning of the bleeding ſeaſon, 
before the ſap is found in the ſtem or branches, 
an inciſion is made in the root of a vine, a con- 
ſiderable flow of ſap will follow the wound. 3. The 


quantity of ſap 1s very generally Oe to the 
humidity of the foil *. - 


| © When 
* It may ill be aſked, Why the ſap flows moſt from the ſu. 


perior margin of each inciſion, e it to ariſe from the 


08 III. 3 | roots? 


18 Courſe of the Succus Proprius. [Book VIII. 


: © When a portion of the bark and wood of the 
pine is cut from the ſtem, the ſuccus proprius flows 
in conſiderable quantity both from the upper and 
under margin of the inciſion. Hence it occurred 
to botaniſts; that this juice might have little or no 
motion, and that its efftux from ſuch an orifice 
might depend entirely on its being freed from the 
preſſure of the bark and wood. But I cannot 
accede to this opinion : for although, in the be- 
ginning, the ſuccus proprius flows from both mar- 
gins of the inciſion, in a little while, as I have ob- 
ſerved, it 1s diſcharged from the ſuperior margin 
only. This obſervation in itſelf is not however 
decifive. For it may be ſuppoſed, that the li- 

quor flows more copiouſly from the ſuperior mar- 
gin, becauſe the preſſure of the air is leſs upon 
it, than on the inferior, and becauſe the liquor it- 
ſelf is diſpoſed to fall downwards by its gravity, 
in the ſame manner as the ſuccus communis. That 
I might put this matter out of doubt, I placed 
the branch of a pine in a horizontal poſition, and 
another branch I inverted, ſo that its branches 
were turned towards the earth. In theſe ſituations, 
I cut a portion of the bark and wood from each, 


roots? The inciſion, it is ſaid, hurts or deſtroys the energy of 
the ſap-veſlels for a conſiderable way below, whence the ſap is 
not propelled upwards, againſt its own weight, and the preſſure 
of the atmoſphere now admitted. From the divided veſſels, 
it paſſes by a lateral communication (for there are ſap-veſſels 
in every direction) into thoſe undivided, and when it has got 
above the inciſion, it again paſſes laterally into the divided 
veſſels; and falling downwards, from its own gravity, a want 
of continuity of veſſels, and the diminiſhed preſſure of the at- 
moſphere, it flows from the ſuperior margin of the inciſion. | 


and, 


Chap. 2.] Thu Plants are nouriſhed. 19 
and, in both inſtances, the ſuccus proprius flowed 


only from thoſe margins. of the inciſions which 


were fartheſt from the roots. Hence it appears 
clearly, that the courſe of this juice, in its veſſels, is 


never from' the roots towards the branches, bur 


always in the contrary direction “. 

M. Bonnet conceives that the nutrimenral juices 
of vegetables paſs during the day-time from the 
roots to the trunk by the ligneous fibres, aſſiſted 


by the air - veſſels, and are principally carried to the 


ſurface of the ent where a copious perſpiration 


takes place. At the approach of night the heat 


no longer acting on the leaves and the air contained 


in the air- veſſels, the ſap returns towards the roots 3 


at the ſame time that the humidity condenſed on 
the inferior ſurfaces of the leaves, which by their 


inequalities. are beſt fitted to retain it, is abſorbed 


and conveyed through the branches to the trunk. 
In this manner he is of opinion that vegetables are 
nouriſhed in the day- time dy their roots, and in 
the night by their leaves. 

The ſame philoſopher wiſhed to dive whe- 
ther plants nouriſhed by'their leaves would live as 


long, and thrive as well, as others nouriſhed by their 
roots. He plunged in ſmall veſſels, filled with wa- 


ter, plants of mercury, immerſing the leaves of ſome 


and the roots of others. He left to each plant one 
or two iprigs, which were 5 out of the water, 


* Tom the experiment above recited, it appears, that the 
flow of the proper juice is not influenced in the ſame degree, 
as that of the ſap, by an alteration in the poſture of the veſſels 


from which it iſſues. To poor: cunt this 3 Is owing does not 


he appear. 
5} c 2 and 
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20 | 1 on Fruits. [Book VIII. 


and which were only nouriſhed by the part of the 
plant which was immerſed. - He rendered all theſe 
ſprigs as equal and as much alike as poſſible. He 
left the plants in this ſituation for five or ſix weeks, 
at the end of which time he could obſerve no dif- 
ference between the ſprigs uniformly. nouriſhed by 
the leaves, and thoſe nouriſhed by the roots. He 
only remarked that the leaves plunged in water 
ſeemed to ſuffer a little more from the action of 
that fluid than the roots. M. Bonnet alſo buried 
the. top of a willow-tree, leaving the roots above 
ground. The roots, being prevented from drying 
by a covering which did net entirely exclude theair, 
put forth leaves mixed with roots; the top, which 
was buried in the ground, produced en and the 
plant continued to live. 

Dr. Hales, | in his ſtatical experiments, mentions 
ſeveral, in which he tried to change the natural fla- 
vour of fruits, and to communicate thoſe of ſeveral 
ſpirituous liquors, and of different odoriferous infu- 
ſions. With this intention he plunged in different 

' liquors branches loaded with fruit; and left them 
there for ſome time, without being able to perceive - 
that the taſte of the fruits was in the leaſt altered, 
whether the experiment was made upon them ripe 
or unripe. But he almoſt always perceived the 
ſmell of the liquors or infuſions in the ſtalks of the 
leaves, and in the wood. He conjectures, with 
much probability, that the veſſels near the fruit 


become ſo fine as not to admit the odoriferous par- 
ticles. 


M. Bonnet made experiments on flowers fi 


lar to thoſe which Dr, Hales made on fruits, He 
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Chap. 2.]J Experiments on Flowers. 21 
choſe ſuch flowers as have naturally little perfume, 
as the different ſpecies of French-beans. Stems 
with theſe flowers were immerſed in tubes, ſome of 
which were filled with ſpirits of wine, others with 
Hungary-water, &c. In about twenty-four hours 
the flowers were faded, and they had already acquired 
in a very ſenſible degree the odours of the liquors 
which they had imbibed. The odour became much 
more remarkable a few days afterwards. M. 
Bonnet alſo found that the leaves of the apricot- 
tree acquired a ſenſible odour from the liquors into 
which branches of that tree were plunged. | 
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FUNCTIONS OF VEGETABLES. 


Perſdiration of Plants.—Circulation of the Fluids in Plants. 
Property in Plants of emitting vital Air; of decompoſing Ma- 
zer.—Senſebility to the Sun's Ligbt.— Cauſe of the Green Colour 

of Vegetables. — Bonnet's Experiments on Vegetable Perſpiration.— 
Sexual Syſtem —Growth and Nutriment of Ts — Ma. 
nures.— Principles of Agriculture. 


HE leaves of plants have been not impro- 
perly compared with the lungs of animals, 
Plants as well as animals, ſays an author whom 
I have already quoted with approbation, perſpire, 
and in both cafes this function is effential to 
health. By the experiments of Dr. Hales *, and 
M. Guettard , it appears, that the perſpirable 
matter of vegetables differs in no reſpect from 
pure water, excepting that it becomes rather 
ſooner putrid. The quantity perſpired varies, ac- 
cording to the extent of the ſurface from which 
it is emitted, the temperature of the air, the time 
of the day, and the humidity of the atmoſphere. 
As the leaves form the greateſt part of the ſur- 
face, it is natural to ſuppoſe, that the quantity of 


+ Statical Eſſays, vol. i. p. 49. 
+ K de Y Academie des Sciences, 1 


theſe 


Chap. 3.1 Perfdiration of Plants. 23 


theſe will-very materially affe& the quantity of the 
perſpiration. Accordingly, the experiments of Dr. 
Hales have aſcertained, that the perſpiration of 
vegetables is increaſed or diminiſhed, chiefly, in 
proportion to the increaſe or diminution of their 
foliage. The degree of heat in which the plant 
was kept, according to the fame author, varied the 
quantity of matter perſpired; this being greater, 
in proportion to the greater heat of the ſurround - 
ing atmoſphere. The degree of light has like- 
wiſe conſiderable influence in this reſpect: for Mr. 
Philip Miller's experiments prove, that plants unĩ - 
formly perſpire moſt in the forenoon, though the 

temperature of the air, in which they are placed, 
ſhould be unvaried. M. Guettard likewiſe informs 
us, that a plant, expoſed to the rays of the ſun, 
has its perſpiration increaſed to a much greater 
degree, than if it had been expoſed to the ſame 
heat, under the ſhade. Finally, the perſpiration 
of vegetables is increaſed in proportion as the at- 
moſphere is dry, or in other words, diminiſhed in 
proportion as the atmoſphere is humid.” 

Dr. Hales found that a ſun- flower, weighing 
three pounds, perſpired twenty-two ounces during 
twenty four hours. Dr. Keil perſpired thirty one 
ounces in twenty four hours. The quantity there- 
fore perſpired by the ſun- flower was much greater, 
in proportion to its weight, than that perſpired from 
the human body. Dr. Keil ate and drank four 
pounds ten ounces in twenty-four hours. Seven- 


» Statical Eſſays, vol. i. p. 29. 3 
Ca teen 
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teen times more nouriſhment was taken in by the 
root of the ſun- flower, than was taken in by the man. 
If the perſpiration of vegetables is checked, they 
ſpeedily fade, It is · checked from glutinous ſub- 
ſtances adhering to their ſurface ; hence the ad- 
vantage of waſhing them. The more healthy and 
vigorous the plant, the more copious the perſpira- 
tion; though an excels, as well as a defect of it, ſeems 
prejudicial and even deſtructive to vegetables. It 
bears alſo a proportion to the quantity of leaves, 
_ theſe being the principal organs of perſpiration. 
Theygdoriterous exhalation of leaves and flowers 
forms an atmoſphere around vegetables, which 
ſtrikes our ſenſes, and which the contact of a body 
on fire is ſometimes capable of inflaming, as has 
been obſerved with regard to the fraxinella. 
Some botaniſts,” obſerves Dr. Bell, have con- 
ceived, that plants, as well as animals, have a re- 
gular circulation of their fluids. Others think this 
.very improbable. On both fides, recourſe has 
been had to experiments; and from theſe, con- 
cluſions perfectly oppoſite have been deduced. 
| When a ligature has been fixed round a tree, in 
ſuch a manner that no juice could be tranſmitted 
through the bark, the tree has been found to 
thicken above the ligature ; bur below it, to con- 
tinue of the ſame circumference. Hence ſome 
have concluded, that the ſap aſcends through the 
wood,.and deſcends through the bark. Thoſe who 
are of a contrary opinion have found, that, in cer- 
tain caſes, the juice aſcends through the bark only : 
for when a portion of the wood has been cut out, 
and the bark exactly replaced, the growth of the 
tree 


— 
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tree has been found to go on unchanged: hence it 

is ſaid, that the juice is tranſmitted equally through 
all parts of vegetables. The experiments ad- 
duced on each ſide of the queſtion are juſt, but 
the reaſonings on theſe, by each party, ſeem equally 
inconcluſive. The analogy of animal nature ap- 
pears to favour the opinion, that the juice riſes 
through the wood only, and deſcends only through 
the bark; but this analogy is not complete through- 
out, The arteries are not placed in the internal 
parts alone, nor the veins in the external, but they 
accompany each other through every part of their 
diſtribution. In vegetables, the ſap riſes from the 
roots, but the proper juice deſcends toward: them; 
in the deſcent of the juice, the wood acquires its 
growth, and abſorption is a conſtant action of the 


leaves. Theſe obſervations render it probable, _ 


that there is a circulation of the juices ; and if there 
is, the veſſels which perform it, we may reaſon- 
ably believe, accompany each ou 1 every 
part of their courſe.” 

By what force the juices of ety are - propelled | 
in their circulation, remains yet one of the ſecrets 
of nature. It has been attributed to capillary at- 
traction, but this cauſe ſeems inadequate to the 
effect; nor is ĩt poſſible on that principle to explain 
why the ſap of the vine flows from an inciſion made 
in the ſpring, and not from one made in the ſummer. 
The capillary attraction ought not to be lefs power- 
ful in the latter than in the former ſeaſon ; indeed it 


ovght to be more fo, as the heat is greater. Beſides, 


Capillary ryves 3 not Wr e their contents, 
: „„ 
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when broken acroſs ; but from the'ſtem of a plant 
cut tranſverſely, a large quantity of fluid is dif- 
charged. The more probable opinion is, that plants 

are endued with ſomething of a vital power or 
energy, which impels the juices through the whole 
vaſcular ſyſtem ; and this opinion is ſtrengthened 
by an obſervation. of Dr, Bell, which was the reſult 
of experiment, namely, that there are particular 
ſubſtances which increaſe the growth of plants, by 

acting as ſtimulants on their fibres. 

The experiments of Dr. Prieſtley have ſufficiently 
ſhewn that vegetables have the power of correcting 
bad air; and Dr. Ingenhouz has proved that they 
have the faculty of producing vital air only when 
acted on by the rays of light. If a vegetable is im- 
merſed in water, and the rays of the ſun directed 


on it, air- bubbles will be obſerved to collect on the 


leaves, and at length riſe to the ſurface of the wa- 
ter. This appearance is moſt remarkable in the 
morning, as the leaves have not then been pre- 
viouſly exhauſted by the action of light. Vital air 
af a great degree of purity may be obtained in the 
ſummer time, by inverting a jar filled with water in 
ſuch a manner as to receive the aĩir- bubbles as they 
ariſe. All plants, however, do not emit this air 
with the ſame facility; there are fonie which emit 
it the moment the rays of the ſun a& upon them, 
and this is the caſe with lavender. Some aquatic. 
plants afford vital air with great facility, ſome more 
flowly, but none later than in eight or ten minutes, 

provided the ſun's light is ſtrong. The air is almoſt 
entirely furniſhed by the inferior ſurface of the 
Maus of trees; herbaceous plants afford it from 
| . almoſt 


Chap. 3.] Bad Air correfted by Vegetation. 27 
almoſt the whole of their ſurface. The leaves afford 
more air when attached to the plant, than when 
gathered, and the quantity is greater, the freſher 
and ſounder they are. Young leaves afford but a 

ſmall quantity of vital air; thoſe which are full 
grown afford more, and the more the greener they 
are. The epidermis, the bark, and petals do not 
afford it, and in general vital air proceeds only 
from thoſe parts of plants which are of a green co- 
lour. Thus green corm and green fruits afford 
this air, but it is not produced by thoſe which are 
ripe; and flowers in general render the air noxious. 
Theſe facts may tend to explain the manner in 
which the light of the ſun operates in maturing fruits, 
viz. by expelling the ſuperfluous oxygen, and thus 
changing them from a harſh and ſour, into a mild 
and ſweet ſubſtance. Aquatic plants, and ſuch as 
grow in moiſt places, are remarkable not only for 
affording a large quantity of vital air, but alſo for 
abſorbing inflammable gas, and are therefore in all 
reſpects calculated for purifying the air of marſhy 
| ſituations: A very extraordinary power of abſorb. 
ing inflammable air was obſerved in the willow by 
Dr. Prieſtley ; and this fact ſeems connected with 
the rapid growth of that plant in marſhy ſituations, 
where much inflammable air is produced. M. 
Sennabier found that plants yield much more vital air 
in diſtilled water impregnated with fixed air, than in 
ſimple diſtilled water. 

It appears further, from the experiments of Dr. 
Prieſtley, that plants will bear a greater proportion 
of inflammable than of fixed air, and that vital air 
appeared generally injurious to plants. A ſprig of 

5 mint 
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mint growing in water, placed over a fermenting 

liquor, and of courſe expoſed to fixed air, became 
quite dead in one day; a red roſe became of a purple 
colour in twenty-four hours. Plants die very ſoon 
both in nitrous air, and in common air when ſatu- 
rated with it. Air appears uniformly to have been 
purified by healthy plants vegetating in it; but 
theſe experiments require great nicety, as the leaſt 
degree of putrefaction will injure the air. The air 
contained in the bladders of marine plants was found 
conſiderably purer than common air. 

Atmoſpheric air is reſtored, after being injured 
by reſpiration or combuſtion, by a plant vege- 
tating in it. This reſtoration of air depends upon 
the vegetating ſtate of the plant; for a number of 
mint- leaves freſh gathered being kept in air in 
which candles had burnt out, did not reſtore the 
air. Any plant will effect this purpoſe, but thoſe 
of the quickeſt en in the moſt expeditious | 
manner. 

That plants have a property of producing pure 
air from water is evident from an experiment of 
Dr. Prieſtley's. The green matter which is to be 
obſerved in water is doubtleſs a vegetable produc- 
tion. Water containing this green matter always 
afforded vital air in a large quantity, but water 
which had it not afforded none. It has been fre- 
quently obſerved that vegetables do not thrive 
in the dark. A receiver was therefore filled with 
water, and kept till it was in a ſtate of giving air 
copioully ; after this it was removed into a dark 
room, and from that time the production of air 
n en When placed again in the ſun, it 

afforded 
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afforded no air till about ten days after, when it had 
more green matter, the former plants being pro- 
bably all dead; and no air could be produced till 
new ones were formed. £ 

From various experiments it appeared, that dif i 
ferent animal and vegetable putreſcent ſubſtances 
afforded a very copiaus pabulum for this green ve- 
getable matter, which produced fo freely the vital 
air; whence the philoſophic author of this diſcovery 
is led to the following concluſions: * It is impoſſi- | 
ble, ſays he, © not to obſerve from theſe experi- 
| ments the admirable proviſion in nature, to prevent 
or leflen the fatal effects of putrefaction, eſpecially in 
hot countries, where the rays of the ſun are moſt. 
direct, and the heat moſt intenſe. Animal and vege- 
table ſubſtances, by ſimply putrefying, would necef- 
farily taint great maſſes of air, and render it unfit for 
reſpiration, did not the ſame ſubſtances, putrefying in 


water, ſupply a moſt abundant pabulum for this won- | 


derful vegetable ſubſtance, the ſeeds of which ſeem 
to exiſt throughout the atmoſphere. By theſe means, 
| inſtead of the atmoſphere being corrupted, a large 
quantity of the pureſt air is continually thrown into 
it. By the ſame means alſo, ſtagnant waters are 
rendered much leſs offenſive and unwholeſome than 
they would otherwiſe be. That froth which we 
obſerve on the ſurface of ſuch waters, and which is 
apt to excite diſguſt, generally conſiſts of the pureſt 
vital air, ſupplied by aquatic plants. When the fun 
ſhines, this air may be obſerved to iſſue from them. 
Even when animal and vegetable ſubſtances putrefy 
in air, as they have generally ſome moiſture in 
them, various other vegetable productions, in the 

| | form 
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form of mold, &c. find a proper nutriment in 
them, and by converting a conſiderable part of the 
noxious effluvia into their own ſubſtance, arreſt it 

in its progreſs to corrupt the atmoſphere.” 
The ſame vegetables which afford vital air very 
plentifully in the light of the ſun, afford in the ſhade 
air leſs pure than that of the atmoſphere. This 
ſtriking effect of light on vegetables is a ſtrong ar- 
gument in favour of the opinion, that the metion 
of the juices of vegetables is performed by veſſels, 
which, like thoſe of animals, poſſeſs irritability, and 

are excited to action by ſtimulating ſubſtances. : 
The effect of vegetation in producing the vital 
air, which was afforded in the preceding experi- 
ments, ſeemed in ſome meaſure dubious to Sir 
Benjamin Thompſon, who extracted vital air, by 
immerſing in water a variety of ſubſtances, as 
raw f:1k, cotton, wool, eider-down, hare's fur, 
theep's wool, ravellings of linen, and human hair 
as related in a former book. He was led, from the 
reſult of theſe trials, to ſuſpect that the pure air was 
merely ſeparated from the water, and that any ſub- 
ſtance which would act by a capillary attraction, ſo 
as to ſeparate the component parts of the water, 
would effect the production of pure air. He there- 
fore procured a quantity of ſpun glaſs, which con- 
fiſts of minute tubes, which he immerſed in water, 
but the quantity of pure air produced was very 
trifling. Hence he concludes, that there is ſome- 
thing in thoſe ſubſtances which operates in pro- 
ducing pure air, and that it is not merely a mecha- 
nical ſeparation of the component parts of water. 
fi 5 The 


— 
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The light of lamps produced the ſame effect as 
the ſun's light, air in great quantities was produced, 
| and perfectly pure. Vegetables will alſo, with any . 
| ſtrong light, produce vital air as well as with the light 
of the ſun. The air from ſilk was much ſuperior 
to that from vegetables. | X 

Plants have a remarkable ſerifibility” to light; 
they unfold their flowers to the ſun, they follow his 
courſe by turning on their ſtems, and are cloſed as 


| ſoon as he diſappears. Vegetables placed in rooms 


where they receive light only in one direction always 
extend themſelves that way. If they receive light 
in two directions, they direct their courſe towards 

the ſtrongeſt. Trees growing in thick foreſts, 
where they only receive light from above, dire& 
their ſhoots almoſt invariably upwards, and therefore 
become much taller and leſs ſpreading than ſuch as 
ſtand ſingle. This affection for light ſeems to ex- 
plain the upright growth of vegetables, a curious 
phenomenon, too common to be much attended to. 
It has been aſcertained by repeated experiments, 
that the green colour of plants is entirely owing to 
light; for plants reared in the dark : ace mou kriown 
to be perfectly white. 

If we take a ſucculent plant, and expreſs its 
juice, the liquor appears at firſt uniformly green; 
but allow it to ſtand, and the green colour ſeparates 
from the watery fluid, and falls to the bottom in a 
ſediment. If we collect this ſediment it will be 
found to be of an oily nature, for it does not diſ- 
ſolve in water, but it will in ſpirits of wine, or oil, 
to which it imparts a green colour. As the fun 
produces the green colour in plants, and as this re- 
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fides in an oily matter, it was formerly concluded 
that light furniſhes the oily matter of vegetables, 


and that it effects this by furniſhing the principle of 


inflammability. The new chemical doctrines, how- 
ever, afford a much more ſatisfactory explanation 


of the effect of the ſun's rays in producing the oily. 


matter in vegetables. Vegetable matter conſiſts in 
general of carbon, hydrogen and oxygen; the ſun's: 
rays produce a diſengagement of the latter principle 
in the form of vital air, and the two former are the 
conſtituent principles of oil. 
M. Bonnet made a ſeries of petite in W | 


to aſcertain whether the ſuperior or the inferior ſur- 


faces of leaves have a greater ſhare in performing 
perſpiration. From the trials which he made, he 
concludes that the inferior ſurface of the leaf is in 
general by far the moſt active in this reſpe&, though 
in one or two ſpecies of vegetables this difference 
was much leſs remarkable. The mallow was the 
only vegetable the leaves of which perſpired more 
by the upper than the inferior ſurface. The method 
which he employed to aſcertain the comparative 
effect of the two ſurfaces was to cover firſt one 
and then the other ſurface with oil. The leaves 
were then immerſed in tubes filled with water, and 
the quantity of the perſpired matter was meaſured 
by the length of the tube emptied in a given time. 
The oil, by ſtopping up the pores, prevented per- 
ſpiration from the ſurface to which it was applied. 
Some large leaves of the white mulberry-tree being 
kept ſuſpended on water with their upper ſurfaces 
in contact with the fluid, faded in five days ; ſome 
leaves of the ſame tree, being placed in a ſimilar 

ſituation, 


Chap. 3. Experiment an the Palm. 33 
ſituation, but with the inferior ſurface touching the 


| water, were preſerved green for nearly ſix months. 


The ſexual ſyſtem has been the faſhionable ſyſ- 
tem of botany for many years. It is well known 
that the palm is of that claſs of vegetables which 
has flowers of different ſexes on different trees. The 
peaſants in the Levant, whether acquainted with this 
fact, or whether directed to the practice by accident 
alone, have been accuſtomed to break branches 
from the male palm while in flower, and attach them 
to the female plant, which they find to be con- 
ſtantly productive of an abundant crop. This fact 
has alſo been proved by a moſt deciſive experiment 
of M. Gleditſch. There was in the royal garden 
at Berlin a beautiful palm-tree, a female plant, 
which, however, though twenty - five years old, had 
been always barren. There was another palm at 
Leipſic of the male kind, which bloſſomed every 
year. This ingenious botaniſt undertook to fecun- 
date the palm at Berlin from that at Leipſic, and 
had ſome of the bloſſoms conveyed by the poſt. 
The conſequence was, that he produced that ſea- 
ſon excellent dates; and the experiment, proſecuted 
with ſome variation for ſeveral ſucceeding years, 
was attended with the ſame ſucceſs d. 

It has been ſaid, that the pollen was deſtined for 
the impregnation of the germen. This is per- 
formed in the following manner. The antheræ, 
which at the firſt opening of the flower are whole, 
burſt ſoon aſter, and diſcharge the pollen. Being 
diſperſed about the flower, part of the pollen 


* Bonnet Contemp. p. 6, 1 
Vor. III. "42D | lodges 


34 5 Impregnation of the Germen, [Book vm. 
lodges on the ſurface of the ſtigma, where it is de- 


tained by the moiſture with which that part is 


covered. Each ſingle grain or atom of the pollen 
has been obſerved by the microſcope to burſt in 
this fluid, and is ſuppoſed to diſcharge ſomething 


which impregnates the germen below: what the 


ſubſtance is which is ſo diſcharged, and whether it 
actually paſſes through the ſtyle into the germen, 
ſeems yet undetermined, from the great difficulty 
of obſerving ſuch minute parts and operations. In 


ſome vegetables, the ſtamina move towards the 


piſtillum; and a very evident motion of them is 
obſerved in the flowers of the common e, on 
touching them with the point of a pin. 


The voukisRMENT of vegetables, as it is ſo 


intimately connected with the important ſcience 
of agriculture, has deſervedly attracted conſiderable 
attention. Mr. Boyle dried in an oven a quantity of 
earth proper for vegetation, and, after carefully 
weighing it, planted in it the ſeed of a gourd; he 


watered it with pure rain-water, and it produced a 


plant, which weighed fourteen pounds, though the 
earth had fillhred no ſenſible diminution. 


A willow-tree was planted by Van Helmont, in 
A pot, containing 100 pounds of earth. This was 
in general watered with diſtilled water, or ſome- 
times with rain-water, which appeared perfectly 
pure. The veſſel containing the plant was covered 
in ſuch a manner as totally to exclude the entrance 
of all ſolid matter. At the end of five years, upon 
taking out the plant, he found it to have increaſed 
in weight not leſs than 119 pounds, though the 
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earth had loſt r two ounces of its original 
weight: ck, 

Theſe experigients would admit of. * doubt, 
and muſt have remained in a great meaſure inexpli- 
cable, but for the experiments of Mr. Cavendiſh, 
and the facts related by Dr. Prieſtley, which place 
it beyond a doubt, that vegetables have a power of 
decompoſing water, and converting it, with what 
they derive from the atmoſphere, into almoſt all the 
different matters found to exiſt in their ſubſtance. 
For the products of wood in diſtillation, I muſt re- 
fer the reader to what has been advanced in the 
chnapter on carbon, or the carbonaceous principle. 

All the proper juices of vegetables depend on the 
organization, as is evident from the operation of 
grafting. From the materials of ſimple water and 
air, are produced thoſe wonderful diverſities of 
peculiar juices and fruits, which the vegetable world 
affords ; and the immenſe variety of taſtes, ſmells, 
&c. In the ſame vegetable what a variety is found ! 
The bark is different in taſte from the wood, the 
peculiar juices have ſomething different from them 
both, and the pith of ſome plants affords a matter 
which could not have been expected from their 
exterior qualities. The root is often different from 
the ſtem, and the fruit from both, in > al their ſen- 
ſible qualities. | 

In whatever way the a of vegeta- 
bles is received, it may fairly be faid to conſiſt 
principally of water. I am inclined to believe, 
however, that calcareous earth, in ſmall portions, 
may enter into the compoſition of at leaſt many 
vegetables; ſince animals which exiſt entirely on 
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vegetable food are found to have in their ſolid parts, 
the bones for inſtance, a conſiderable portion of 
this ſubſtance ; though it muſt: be confeſſed, that 
chemical analyſis, as far as it has hitherto gone, 
does not warrant us' in ſuppoſing calcareous earth 
to be an eſſential conſtituent of all vegetable matter. 
It may be faid further, that on ſome occaſions the 
addition of other matters, as of different kinds of 
manure, adds greatly to the growth of vegetables; 
but in whatever degree a rich ſoil or dung may 
add to the luxuriance of growth, other facts ſeem 
to prove that it is not eſſential to vegetation. It is 
well known that many herbs flouriſh in pure water, 
and that pear, plum, and cherry- trees, planted in 
pure moſs, have arrived at ſuch analy as to pro- 
duce good fruit *. 

Different theories have been advanced, to account 
for the operation of manures in promoting the 
growth of vegetables, none of which ſeem altoge- 
ther ſatisfactory. The common opinion is, that the 
ſubſtances employed as manures are the food of 
plants, and are abſorbed by their roots. This hy- 
potheſis may be true to a certain extent, when 


„It is but fair to inſert the following fact, which ſeems to 
| favour the neceſſity of carbonic matter to the growth and in- 
creaſe of at leaſt ſome ſpecies of vegetables. 

« M. Ruchert is perſuaded that earth and water, in proper 
proportions, form the ſole nutriment of plants; but M. Giobert 
has clearly ſhewn the contrary ; for, having mixed pure earth 
of alum, filex, calcareous earth, and magneſia, in various 
proportions, and moiſtened them with water, he found that no 

grain would grow in them; but when they were moiſtened 
with water from a dunghill, com grew in them proſperoully. 


Hence the neceſſity of the carbonic principle is. apparent. — 
Kirwan on Manure, p. 4% 


$ 


| applied 


Chap. 3.] Operation of Manures. — 
applied to.ſome manures, but cannot be true with 
regard to them all; for it is well known, that not 
only chalk and lime, but even flints, are very bene- 
ficial to ſome ſoils. Another opinion is, that ma- 
nures act by bringing ſoils to ſuch a conſiſtence 
as is favourable to the growth of the roots of 
vegetables, and to the affording of them water in a 
proper quantity. A third opinion is, that manures 
act as ſtimuli on the roots of vegetables, and thus 
excite them to more vigorous action. Some au- 
thors think that manures act as ſolvents on matters 
previouſly contained in the ſoil, and thus fit them for 
entering the roots of plants ; and others, that they 
act chemically, by forming combinations which are 
favourable to vegetation. Which of theſe hypo- 
theſes is beſt founded, it is difficult to determine; TE 
but it does not ſeem unlikely that they may be all - 
true to a certain extent. 
When we attempt to diſcover the component 
principles of the objects around us, and the ſources. 
whence they are ſupported, we are loſt in the great- 
neſs and diverſity of the ſcenes preſented to us. 
We ſee animals nouriſhed by vegetables, vegeta- 
bles apparently by the remains of animals, and 
. foſſils compoſed of the relics of rheſe king- 
doms. It ſeems certain, however, that vegetables 


r preceded animals. A ſeed of moſs lodging in a 
crevice of a bare rock is nouriſhed by the atmo- 
4 ſphere, and the moiſture afforded by the rains and 
10 dews. It comes to perfection, and ſheds its ſeeds 
ed in the mouldering remains of its own ſubſtance. Its 
4 offspring do the ſame, till a cruſt of vegetable 


mould is formed ſufficiently thick for the ſupport 
uy, of 
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33 Principles of Agriculture. [Book VIII. 
of graſs and other vegetables of the ſame growth. 
The ſame proceſs going forward, ſhrubs, and laſtly 
the largeſt trees, may find a firm ſupport on the 
once barren rock, and brave the efforts of the | 
tempeſt. 3 
From the advantages active from a ane 
of crops in agriculture, it has been ſuppoſed that 
different vegetables derive different kinds of nou- 
riſhment from the ſame ſoil, ſelecting what is beſt 
adapted to their own ſupport, and leaving a ſupply 
of nouriſhment of another kind for vegetables of 
a different ſpecies. Was this, however, the caſe, 
vegetables would not ſo much impede each other's 
growth when placed near together. And in the 


operation of grafting. we have a clear proof, that the 


Juices received by the root of one ſpecies of tree 


may, by the organization of the inſerted twig, 


be ſubſervient ro the growth of leaves, Bowers, 


and fruit of a different kind. The advantage de- 


rived from a change of crops may be better ex- 
plained on other principles: ſome plants extend 
their roots horizontally on the ſurface of the ſoil, 
others ſtrike them downwards to a conſiderable 

depth, Some plants are found to bind or harden 
the ſoil, others to looſen it. Thus, for example, 
wheat and rye-graſs render a ſoil ſtiff, while pulſe, 
clover and turnips pulverize it, By varying. the 
crops, therefore, the foil is preſerved in a middle 
ſtate, between too much ſtiffneſs and too much fri- 
ability. Nor is this the only good effect ariſing 


from this difference of roots. From this circum- 


ſtance ſome vegetables draw their nouriſhment 


From the ſurface of the earth, while others derive 
-i 
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it partly from a greater depth. So that by a change 
of crops, a larger portion of the ſoil is made to con- 
tribute to the nouriſhment of plants than could have 


been effected by the cultivation of any ſingle ſpe- 
cies. One other advantage to be derived from a 


change of crops, is this: ſome plants extract 
almoſt the whole of their nouriſhment from the ſoil ; 
and this is particularly the caſe with thoſe which 
are moſt valuable, and which contain the greateſt 
quantity of ſolid matter. By the repetition of ſuch 
crops, however, the foil is found to become too 
much exhauſted. ' There are other plants which 


derive a large proportion of their nouriſhment from 


the air; by ſuch therefore the ſoil will be much 


leſs exhauſted, and under a crop of them will be in 
| ſome meaſure at reſt. The good effects of a change 


of crops may therefore be ſufficiently. explained, 

without ſuppoſing. that each particular ſpecies of 
vegetables is nouriſhed by a different kind of food. 
This opinion is alſo neceſſarily attended with two 
oreat difficulties : one 1s, that there exiſts in every 
ſoil as many diſtin& kinds of nouriſhment, as there 


are ſpecies of plants capable of growing in that ſoil; 


the other, that plants are endued with the faculty of 
diſcerning and ſelecting, from all theſe kinds, their 
own proper nouriſhment. The former of theſe 
{uppoſitions is too abſurd to merit the leaſt atten- 
tion, and the latter has been diſproved by actual 
experiment, ſince plants are not able to prevent 
their roots from abſorbing ſuch matters as prove 
poiſonous to them. Other writers, however, have 
been more moderate, and though they have rejected 


ys idea of ſ prone nouriſhment in general, have ne- 


US verthelcls 
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vertheleſs imagined that the hypotheſis might be 
well founded with reſpect to particular ſpecies of 
vegetables. This they infer from the exiſtence of 
ſpecific manures, as ſoot for ſaintfoin, aſhes for white 
clover, and ſome others. It does not ſeem poſſible, 
however, to draw a line of diſtinction; and if we 
reject the idea of a ſpecific nouriſhment in general, 
we cannot admit it in particular inſtances, _ 

In order to diſcover whether plants have an ac- 
tual power of diſtinguiſhing matters preſented to 
their roots, a friend, who aſſiſted me in compiling 
this part of the work, made, among. others, the fol- 
lowing experiment. 

A vigorous plant of mint was placed in a two- 
ounce phial, filled with filtrated well-water, to which 
were added four drops of a moderately ſtrong ſolu- 
tion of ſal martis. On examining the plant the 
following day, no other effe& was obſerved, than 
that the very tips of the radicles were withered and 
black. Four more drops of the ſolution were now 
added. On the third day the appearances were the 
ſame ; and no new change taking place on the 
fourth, twelve more drops of the ſolution were 
added, On the fifth day the roots appeared of a 
yellowiſh green colour, and the top drooped very 
much. The larger leaves were pretty much wi- 

thered and blackened, The abſorption of the water 
appeared to be in ſome meaſure impeded, but not 
entirely prevented. On the fixth day the whole 
plant was withering very faſt ; the roots became of 
a dark. olive-green colour, and. the larger leaves 
were become very black, ef] e the foot · ſtalks 
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and the projecting fibres. On the ſeventh day 


the blackneſs had made ſtill further progreſs, and 
the plant was dead. A ſufficient proof that ſome 
of the iron was abſorbed by the plant, may be 
drawn from the following circumſtance—its leaves 
when macerated in diſtilled water, produced a 
black colour with galls. The leaves of a plant 
of mint, which had been nouriſhed by water alone, 
when tried by the ſame teſt, produced no colour 
whatever. Trifling as this experiment may appear, 
it proves two points; that plants have not the power 
of rejecting even injurious matters when preſented 
to their roots ; and that other matters beſides water 
and air are capable of being abſorbed by them. 
Agriculture ſeems yet to be nearly in its in- 
fancy, and even the benefit produced by the common 
cuſtom of letting lands lie fallow, has not yet been 
ſatisfactorily explained. Something may no doubt 
be attributed to the deſtruction of weeds, but more 
probably to ſome change produced in the ſoil by its 
being expoſed to the action of the ſun and air. The 
management of nitre-beds may tend to throw ſome 
light on this ſubje&t. Theſe are compoſed of calca- 
reous earth and dung cemented together. After 
being expoſed for ſome months to the air, they are 
found to contain a quantity of nitrous acid, which, 
uniting to the calcareous earth, forms a kind of ſalt, 
which is extracted by lixiviation. Now calcareous 
earth and dung are twa of the moſt powerful kinds 
of manure, and it does not ſeem improbable that 
their fertilizing powers may be in ſome manner 
connected with cheir FRG of ; nityols 


acid, 
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CA. IV. 
VEGETABLE SUBSTANCES. 


Of the moſt revartable Vegetable Productions. V. sb 
Oxyds,—# ene Acids, —Otber eſſential Salts of V. 5 


| 1 T has been already remarked, that the ſimple 
component principles, which are eſſential to the 

formation of vegetable matter, are but three in 
number, namely, carbon, hydrogen, and oxygen. 
From the various proportions in which theſe in- 
oredients are combined, reſults almoſt all the va- 
riety of vegetable matters which fall under our no- 
tice. Sugar, mucus (under which term I include the 
different kinds of gums, and ſtarch) are vegetable 
oxyds, having hydrogen and charcoal combined, in 
different proportions, as their radicals or baſes, and 
united with oxygen, ſo as to bring them to the 
ſtate of oxyds. From the ſtate of oxyds they are 
capable of being changed into that of acids, by the 
addition of more oxygen; and according to the 
i degrees of oxygenation, and the proportion of hy- 
14 | drogen and charcoal in their baſes, they form 
wy the ſeveral kinds of vegetable acids. On the other 

hand, gum by being deprived of oxygen is capable 

of affording oil. M. Woulfe has found that a 
pound of * arabic diſtilled with a quarter of a 
pound 
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pound of vegetable alkali, furniſhes a conſi derdhs 
quantity of oil. The liquor which riſes along with 
it is not at all acid; therefore the acid of the gum 
remains united with the alkali Honey afforded 
copiouſly an oil, when ſubmitted to the ſame proceſs. 

The following are all the vegetable acids hitherto 

known. 
1. Acetous acid, or vinegar. 
2. Oxalic acid, or that of forrel and ſugar. 
3. Tartarous acid. 
4. Pyro *, or empyreumatic, tartarous acid. 
Citrie ink, or that of lemons, 
Malic acid, or that of apples, 
. Pyro-mucous acid. 
Pyro-ligneous acid, 
9. Gallic acid, or that of galls. 
10. Benzoic acid, or that of Bexgamians 

11. Camphoric acid, 

12. Succinic acid, or that of amber. 

Nitrous acid, repeatedly diſtilled with gums, 
mucilages and ſugar, is decompoſed, the azote in 
part eſcapes, and the oxygen uniting with the in- 
flammable matter of theſe ſubſtances, produces the 
acid of ſugar. By a continuation of the proceſs, 
however, the hydrogen and charcoal of the muci- 
laginous matters are ſeparated ; the charcoal, com- 
bining with the oxygen, forms carbonic acid gas, 
and the hydrogen either eſcapes in the ſtate of in- 
flammable air, or, attracting part of the oxygen, 
forms water. From this view of the ſubject, toge- 
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pyro from the Greek rug (fire) means any thing prepared 
dr extracted by fire Empy reumatic has the 288 etymology 
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ther with other facts, it has been inferred, that a 


greater or leſs proportion of vital air, united with 
the other two general principles of vegetables, hy- 
drogen and charcoal, produces all the various acids 
of vegetables. Thus tartar is ſaid to have been 
converted into the acid of apples, by treatment with 
nitrous acid. The acid of apples, by the continu- 
ance of the operation, becomes converted into acid 
of ſugar, or acid of ſorrel, which are the ſame thing. 
The ſame proceſs further continued, affords vine- 
gar. Hence it ſhould ſeem that according to the 
greater progreſs of the operation of combuſtion, 
or the combination of vital air with the baſes, the 
acids of tartar, of apples or unripe fruit, of ſorrel 
or ſugar, of vinegar, and laſtly of charcoal, are pro- 
duced. In this order of proceeding, the acids be- 
come more and more perfect, and leſs eaſily de- 
compoſable; and it probably proceeds from this 


cauſe, that the reverſe of theſe proceſſes could | 


never be completely accompliſhed. | 

Profeſſor Murray, of Gottingen, has . us, 
that he has obtained acid of ſugar by repeated 
diſtillations and congelation, without uſing nitrous 
acid. Abbe Fontana obtained an acid perfectly 
like that of ſugar from all the gums and reſins. 
Mr. Watt of Birmingham, when making ſome ex- 
periments relative to ink, obſerved a number of 
particles floating in the fluid, which had the ſhape of 


cryſtals of the ſaccharine acid, and upon examina» 


tion were found to be really ſuch; and, conducting 
the proceſs in the uſual way with the nitrous acid, he 
found that aſtriogent vegetable wen contain the 

acid 
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acid of ſugar in greater abundance than that ſub- 
ſtance from which it derives its name. 

Theſe ſaline matters are called eſſential ſalts of 
vegetables. There are ſome others which are alſo 
called eſſential ſalts, but are not peculiar to vege- 
tables. Such as the fixed vegetable alkali, which 
may be extracted by incineration from plants in 
general, and the fixed foſſil alkali, which is only ex- 
tracted from marine plants. Several neutral ſalts 
may alſo be extracted from particular vegetables: 
as vitriolated tartar from millefoil, and from aſtrin- 
gent and aromatic plants; Glauber's ſalt from ta- 
mariſk ; common ſalt and muriat of pot- aſn from 
marine plants. Many other ſalts will doubtleſs be 
found, when a greater number of W ſhall be 
accurately _— ſed. 
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ob THE MORE SIMPLE TRORTADLE 
COMPOUNDS. 


” 


Cum. Gum Arabic. Gum Tragacanth.— Common European 
Gum —Sagar; obtained from moſt Vegetables.—Proceſs of making 
Sugar. Manna. Fat, or expreſſed Oil. — Chocolate. Vegeta- 
ble Nax. —Analyſis of Olive Oil. Eſential Oils. Cinna- 

mon. O Balm, Peppermint and Wormwood—Of Lavender. 
07 Rojes. —Of Aniſeed. Of Parſley.—Of Camomile.— O 
Safſafras and Carraway.—Of Nutmeg, Pepper and Mace.— 

. Balſams.—Balſam of T olu,—Benzoin and Storax.——Camphor, 
Refias.— Cum Copal.—Catchouc or elaſtic Gum. Fecula.— 
Briony.— Potatoes.— Sago. Salep.— Farina or Flour.— Glau- 
ten. Starch. Saccharine Matter M heat. — Bread. Colour- 
ing Matters of Vegetables.— Principles of the Art of Dying. 
Arnotto.— Baſtard Saffron. — Archil.— Indigo. — Alkanet Root. 
—Luteola.— Madder.— Walnut- — Alder.— Sumach, G. 
Galla. — Lales. | 


HERE are certain compound ſubſtances, 
which are formed by the proceſs of vegeta- 


tion, and may be obtained without the application of 
any greater heat than that of boiling water, or the 


action of any other ſolvents, than water and ardent 
ſpirit. Theſe ſubſtances may be referred to. the 
following heads :—1. Gum. 2. Sugar. 3. Fat 


Oils. 4. Eſſential Oils. 5. Balſams. 6. Camphor. 


7. Reſin, 8. Pure fecula of vegetables. 9. Fa- 
rina. 10. Ne colouring matters. | 
TI. Gut 


i Gun. cls characters, Wh in its pureſt ſtate, 
are thoſe of a ſubſtance inodorous, inſipid, generally 


ſolid, of more or leſs tranſparency, with ſometimes 


a light tinge of colour, generally yellow ; eaſily ſo- 
luble in water into a viſcid liquor, called mucilage, 
in which ſtate it originally exiſted in the vegetable; 
not acted on by ſpirit of wine or oils ; not volatile 
in the heat of boiling water, nor fuſible in any heat, 


but ſubject to the ſame changes aSother ara 


matter. 

Gum, in its — and ſolid ſtate, is not in the leaſt 
acted on by oils, but mucilage manifeſts a conſi- 
derable diſpoſition to unite with them. Gum is 
not a ſolvent of reſinous or balſamic matter; this 


matter will, however, be diſſolved in water, in con- 


ſequence of being added to gum, eſpecially by the 


aſſiſtance of agitation. Thus oils and balſams may 


in many caſes be combined with water, and remain 
combined with it, forming a milky ſolution, par- 


ticularly if the quantity of gum is conſiderable. 


This kind of combination is very frequent in plants. 
There are many in which oil and gum are naturally 
united. The uſeful juice of the poppy is of this 


kind, and from ſuch compounds gum-reſins are | 


obtained, by the evaporation of their watry parts. 


T hey have ſtill ſolubility in water, though the gum | 


is the part chiefly diſſolved; the reſinous part is 
either left in its concrete ſtate, or being merely ſuſ- 
pended, and not diſſolved, its particles are inter- 
poſed between thoſe of the gum and water, and 


occaſion a degree of opacity. Such ſubſtances 


alſo in their ſolid ſtate as conſiſt of a mixture 
of gum and reſin are always opake, while the 


pure 
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pure gums and pure reſins have more or leſs of 
tranſparency. 

Gum is very abundant in the vegetable king- 
dom; it is found in a great number of roots; the 
young ſhoots and young leaves contain it in large 
quantities, and its preſence may be known by its 
viſcous and adheſive quality, when theſe parts are 
_ cruſhed between the fingers. Gum is uſually ob- 
tained by wounding the bark of particular trees, It 
is obſervable, that ſaccharine fruits, when ſour and 
unripe, are found to contain gum and an acid 
whence it ſeems not. unfair to conclude, that ſac- 
charine matter is formed of theſe materials, ope- 
rated on by the proceſs of vegetation. 

The moſt common gums are—1. Gum Arabic, 
which flows from the acacia in Egypt and Arabia, 
and is of the ſame nature with gum Senegal, which 
is ſometimes ſold inſtead of it. 2. Gum traga- 
canth, which is obtained from a thorny buſh, grow- 
ing in Crete, Aſia, and Greece. 3. The gum 
which flows from certain trees growing in this 
country, particularly apricot and plum-trees. The 
eſſential characters of all theſe gums are the ſame, 
bur gum tragacanth is by far the moſt powerful in 
producing a thick and tenacious mucilage. 


II. Sucar.—The mixed and various properties 
of this ſubſtance, have rendered chemiſts very 
doubtful to what claſs of bodies it ought to be re- 
ferred. By ſome it has been called inflammable, 
by others ſaline, and by others it has been claſſed 
among gummy and mucilaginous matters. Sugar 
is ſoluble, both in water and ardent ſpirit. It is 
more inflammable than gums, and has not been 

proved 


* 
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proved to contain any ſalt ready formed, except ſome 


fixed alkali. It is the only principle the preſence of 
which enables fluids to take on the vinous fermens 
tation. - 

Sacchavine matter is . in a 3 great ak of 
vegetables; fſuchas the maple, the birch, the red beet, 
the parſnip, the grape, farinaceous grain, potatoes: 
Margraff indeed extracted it from moſt vegetables; 
and it is well known that honey is a ſaccharine 
matter, collected by the inſtinct of the bee from 
an infinite variety of plants, but principally from 
flowers. The arundo ſaccharifera or ſugar- cane 


contains this matter however in larger quantities, 


and affords it more readily, than any other plant: 


The ripe canes are twice cruſhed between iron cy- 


linders, by which they are ſqueezed completely 
dry, and fometimes even reduced to Powder. The 

cane juice or melaſſes is received in a leaden bed; 
and thence conveyed into a veſſel called the receiver 
thence it runs to the boiling-houſe, where it is re- 


ceived into a copper pan or caldron, which is called 


a clarifier. Of theſe there are generally three, and 
their dimenſions are determined by the extent of 
the owner's plantation. Methods of quick boiling 
are indiſpenſably neceſſary, as the pureſt cane juice 
will not remain twenty minutes in the receiver, 
without fermenting and becoming tainted. As ſoon 
as the ſtream from the receiver has filled the boiler 
or clarifier with freſh liquor, and the fire is lighted, 
che temper, which is generally Briſtol white lime in 
powder, is ſtirred into it. This is done in order to 
neutralize the ſuperabundant acid, to get rid of 


which is the great difficulty in making. — As 
Vor. III. | E 
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$0 Boiling Sugar. TBoble v VIII. 
the force of the fire increaſes, a ſcum is thrown up, 


which proceeds from the gummy matter of the 
cane, with - ſome of the oil, and ſuch matters as are 


entangled in the mucilage. The heat is now 
ſuffered to increaſe gradually, till it. approaches to 
that of boiling water ; but it muſt by no means 
be ſuffered to boil. When the ſcum begins to riſe 


into bliſters, and break into white froth, which ge- 


nerally appears in about forty minutes, it is known 
to be ſufficiently heated. The fire is then extin- 


guiſhed, and, if circumſtances will admit, the li- 


quor is left a full hour undiſturbed. The liquor is 


noi carefully drawn of, ſo as to leave the ſcum, and 


conveyed by a gutter to the evaporating boiler ; 
and if produced from good materials, and well 
managed, it will appear almoſt tranſparent. In 
this veſſel it is ſuffered to boil, and the ſcum as it 
riſes is continually taken off, till the liquor becomes 
finer, ſome what thicker, and almoſt of the colour of 


Madeira wine. Being transferred to a ſmaller 
copper, the boiling and ſcumming are continuedy 


and if the liquor is not ſo clear as might be ex- 


| pected, lime-water is added, which thins the mix- 


ture, ſo as to ſuffer the impurities to riſe more 
readily to the ſurface. When, in conſequence of - 
fuch ſcumming and evaporation, the liquor 1s ſo 
reduced that it can be contained in the third cop- 
per, it is Jaded into it, and fo on to the laſt copper, 
which is called the teache. This arrangement 
popes four coppers, beſides the three er 
In the teache the liquor undergoes another eva- 
e till it is ſuppoſed to be boiled enough to 
be removed from the fire. 
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The cooler (of which there are gener fix) is 
a ſhallow wooden veſſel, about eleven inches deep, 
ſeven feet in length, and from five to ſix feet wide. 


A cooler of this kind holds a hogſhead of ſugar. 


Here the ſugar grains, that is, as it cools it runs 
into a coarſe irregular maſs of imperfe& cryſtals, 
ſeparating itfelf from the melaſſes. From the 
cooler it is taken to the curing-houſe, where the 
melaſſes drains from it. When it is cooled fo that 
the finger may be plunged into it without injury, 
it is poured into barrels, placed over certain ciſterns, 
and pierced at the bottom with many holes, im- 
perfectly ſtopped with the ſtalk of a plantain leaf, 
through which the ſyrup drains. In the ſpace of 
three weeks the ſugar becomes tolerably dry and 
fair. It is then ſaid to be cured, and the proceſs 
is finiſhed. The ſugar thus obtained is called mu 


covado, and is the raw material whence the Britiſh 


lugar- bakers chiefly make their loaf or refined lump. 
The juice of the ſugar- cane contains a ſuperabun- 
dance of acid, which prevents the dry concretion. 
In order to get rid of this, they employ lime- water, 


as the ſaccharine acid is ſeparated by its means from 


every other combination. The lime powerfully : 
attracting the acid when united with it, forms an 
inſoluble falt, which either falls to the bottom or 


mixes with the ſcum. Many perſons have ſup- 


poſed that a portion of the lime remains mixed with 


the ſugar; but Bergman aſſures us, that if the 


purification is properly conducted, the nature of 


the ingredients, the circumſtances of the operation, 


and finally the moſt accurate analyſis, abundantly 
0 that there is not the ſmalleſt trace of lime 
* 2 remaining. 
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remaining. Good ſugar diſſolves totally in diſtilled 
water, which could not-poſſibly be the caſe if there 


was preſent any lime, either in a ſeparate ftate or 


united with the ſaccharine acid. 
There is another ſort of ſugar, which is mh 


vr, and which in England paſſes by the name 


of Liſbon ſugar, but which in the Weſt. Indies is 
called clayed fugar ; the proceſs for making it is as 
follows: A quantity of ſugar from the cooler is put 
into conlcal pots or pans, with the point down- 
wards, having a hole about half an inch in diame- 
ter at bottom, for the melaſſes to drain through, 
bur which | is at firſt ſtopped with a plug. As ſoon 
as the ſugar in theſe pots” is cool, and +becomes 
a fixed body, which i is known by the middle of the 
top falling in, the plug is taken out, and the pot 
placed over a large jar, intended to receive the 
ſyrup which flows through. In this ſtate it is left 
as long as the melaſſes continues to drop, when a 


ſtratum of moiſtened clay is ſpread on the ſugar. 


The water gradually draining from the clay, dilutes 
the melaſſes, in conſequence of which more of it 
comes away from the ſugar, which becomes whiter 
and finer. A ſecond covering of clay. i is put on 
when the firſt is dry, and water is again ſuffered to 
filter through, after which the loaves are carried 
to an oven to dry. At the end of eight or ten days 
theſe loaves are broken, and the g . 18 
conveyed to Europe. 

Certain juices which flow « out of lanes: are 550 a 
faccharine nature; ſuch is manna, which is pro- 
duced by the pine, the fir, the oak, the maple; 
the juniper, the fig, the willow, &c.; but che aſh, 
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the larch, and the alhagi afford it in the largeſt 
quantities. Robel, Rondelet, and others, have Gb 

ſerved at Montpelier, upon the olive: trees, a kind 
of manna, to which they have given the name of 
ocliomeli. Tourne fort collected it from the ſame trees 
at Aix and Toulon. The aſh, Which is very 

abundant in Calabria and Sicily, affords the manna 

of commeree: it flows ſpontaneouſly from theſe 

trees, but is much more abundantly collected by 

making inciſions in the bark. That which is pro- 
cured by introducing chips of wood or ſmall ſticks 

into artificial apertures, forms a kind of ſtalactites, 

perforated within, and called manna in the tear. 

Manna in flakes flows from the bark, and contains 

ſome impurit ties. Manna affords, by treatment 

with the nitrous acid, the ſame Wik as is eines 

from ſugar. ? | 


III. Far Oils are not emitted from he furface 
of vegetables, but are obtained by preſſure from 
their emulſive ſeeds or kernels. They feel ſmoork 
to the touch, are generally, when recent, without 
ſmell or taſte, and are inſoluble in water. They 
are not volatilized but by a heat conſiderably ſu- 
perior to that of boiling water, and do not take fire 
till ſufficiently heated to be volatilzed. When they 
are burned on the wick of a lamp, fl ſmall portions 
are ſucceſſively brought to its extremity, and being 
there volatilized, undergo inflammation. Moſt fat 
oils are fluid, and require a conſiderable degree of 
cold to congeal them; others become ſolid by a 
very ſlight degree of cold; and others again are 
almoſt always ſolid : theſe laſt are called butters. 

| E 3 | Such 


54 Vegetable Wax. Book VIII. 
Such are thoſe of the cacao- nut, from which cho- 
colate is made, and alſo of the cocoa- nut. Vege- 
table wax is of the ſame nature, only more ſolid. 

It is the production of China; and is there made intg 
yellow, white, or green candles, the colour varying 
according to the manner in which the wax is ex- 
tracted. The. catkins of birch and poplar afford a 
ſmall quantity of a fimilar wax. M. Berthollet evil 
whitens it with oxygenated muriatic acid. 

Fat oils expoſed to the air attract its oxygen, 
and become acid or rancid. Water and ſpirit of 
wine, by abſtracting this acid, deprive them of their 
ſtrong taſte, but never completely reſtore them to 
their original ſtate, M. Berthollet has. diſcovered 
that fat oils, thinly ſpread on the ſurface of water, 
and expoſed to the air, become thick, and aſſume 
the appearance of wax. This appears to ariſe from 
the abſorption of oxygen, as the oxygenated mu- 
riatic acid produces this change more ſuddenly, 
Theſe oils afford by diſtillation a ſmall quantity 
of water impregnated with a peculiar acid, a light 
oil, a denſe oil, and inflammable and fixed airs, 
The quantity of charcoal left behind is not abun- 
dant. By re-diſtilling the firſt products, more wa- 
ter, and an oil which becornes lighter each time, are 
obtained. Lavoiſier collected the products of olive- 
oil burned in an apparatus properly conſtructed to 
aſcertain their nature and properties. He obtained 
ſeventy-nine parts of carbon, and twenty-one of hy- 
drogen, from one hundred of oil. From theſe com- 
ponent parts, inferences may be drawn reſpecting, 


the acid, he water, the fixed air, and the inflammable 
| 225 


ata 5. 1 Compoſition of Fat Oils. | 55 


air, afforded by partial decompoſitions or com- 
buſtions of this fluid. When oils are burned in 


pure air, one of their component principles, hydro- | 


gen, is combined with pure air, and forms water 3 
while charcoal, its other component Patt, combines 
with pure air alſo, and forms fixed air. 

The denſe animal oils, ſuch as butter, tallow, fat, 


and the oil of the whale, exceedingly reſemble ve- 
getable fixed oils. They appear, however, to con- 
rain a proportion of azotic air and animalized 


matter, probably in the ſtate of ſerum or jelly. 
Agitation in water ſeparates a mucilaginous 


matter from fat vegetable oils, which ſeems to be 


the cauſe of their becoming rancid. They com- 
bine with pure fixed alkalies into ſoap, and they 


alſo unite with magneſia and Up, which form with ; 


them ſoapy compounds. i 

IV. EsskN TTAL Oils are remarkable for a ſtrong 
aromatic ſmell, and are ſufficiently volatile to riſe 
with the heat of boiling water. They are in ge 


neral ſoluble in ſpirit "of wine, and their taſte is 


very acrid, They are, much more inflammable 
than the fat oils. 


Eſſential or volatile oils exiſt in moſt fragrant 
vegetables, and in various plants are faund in 


different parts; thus the oil of cinnamon is found 


in the bark ; of balm, peppermint, and wormwood, 
in the leaves; of the roſe and lavender, in the 
flower; of nutmegs, aniſe, and fennel, in the ſeeds, 
They are obtained either by expreſſion, as from 


the peel of oranges and lemons, or by diſtillation 


with water, For the latter purpoſe, the Plant is 
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56 E Fffential Oils, © [Book VIII. 
put into a copper alembic, with. water; the water 
being male to boil, comes over together with the 
oil into the receiver, and is obtained ſeparate by 
decantation. Some of the eſſential oils are fluid, 
as that of lavender ; others congeal by cold, as that 
of anniſeed ; others are always concrete, as thoſe of 
roſes and parſley. They differ much with reſpect 
to colours: thus, oil of lavender is yellow, that of 
cinnamon deep yellow, that of parſley green, thar 
of camomile blue. Some of the eſſential oils float 
in water, as moſt of the oils obtained from plants 
growing in temperate climates ; others, as thoſe 
of ſaſſafras and carraway- ſeeds, and moſt of the 
oils from hot countries, ſink in that fluid. This 

property is not, however, invariable with reſpect 
to climate, as the eſſential oils of nutmeg, pepper, 
and mace are lighter than water. It is remarkable, 
that eſſential oils ſometimes entirely differ in their 
properties from the plant which affords them; 
thus, oil of pepper is mild, ww oil of wormwood 
is not bitter. 

The perfume, or principle of ſcent, in plants, to 
Shich Bocrhaave gave the name of ſpiritus rector, 
ſeems in general to reſide in the eſſential oil. It 
compoſes an extremely ſmall part of the weight of 
vegetables, as may be inferred from the loſs of 
fragrance ſuſtained by eſſential oils with little or no 
loſs of weight. It does not ſeem improbable, that 
the perfume, or principle of ſcent, in plants, is a gas 
of a peculiar nature. Its inviſibility and volatility, the 
manner in which it is expanded and diſperſed i in 
the atmoſphere, together with certain experiments 
made by Dr. Ingenhouz, on che noxious gas af- 
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bable. 

It is eaſy to PPE ths 3 of volatile 
pin either by pouring ardent ſpirit on them, which 
will not diſſolve the fat oil they may be contami- 
nated with; or if they are dropped on paper, and 
held to the fire, the eſſential oil evaporates, leaving 
the fat oil behind, which makes a greaſy ſpot. If 
oil of turpentine is fraudulently added to them, its 
ſmell betrays its preſence when treated in this man- 
ner. By expoſure to the air they become thick, 
and in proceſs of time aſſume the character of refin. 
Needle-ſhaped cryſtals are depoſited ſimilar to thoſe 
afforded by camphor when ſublimed. Geoffroy 
the younger obſerved them in the eſſential oils of 
motherwort, marjoram, and of turpentine. The 
ſame chemiſt obſerves, that their ſmell i is fimilar to 
that of camphor. | 

Eſſential oils combine very readily with ſulphur, 
and form compounds called balſams of ſulphur, 
in which the ſulphur i is ſo far e chat it can- 
not be recovered., | 


V. The proper vegetable Barsams are oily aro- 
matic ſubſtances, imperfectly fluid, obtained by 
inciſions made in certain trees. The word balſam 
has been uſed in à very extenſive ſenſe, to denote 
a variety of vegetable ſubſtances, which agree in 
conſiſtence, though differing very widely in their 
nature and properties. This denomination, how- 
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5 Campi. [Book VIII. 


may be extracted by decoction or ſublimation; ſuch 
as dig. * of Tolu, and ſtorax, 


VI. 1 is a e . ſubſtance, 
of a ſtrong ſmell and taſte, which reſembles eſſential 
oils in ſome of its properties, and differs from them 
in others. It is much more volatile than the eſſen- 
tial oils; with the moſt gentle heat it ſublimes and 
cryſtallizes i in hexagonal lamine attached te a mid- 


dle ſtem, By a ſudden heat it melts before it 


riſes. Water does not diſſolve it; but it is plen- 
tifully ſoluble in ſpirit of wine, æther, and concen- 
trated acids, from the two former of which it is 
ſeparated by the-addition of water without altera- 


tion. Fixed and volatile oils diſſolve camphor 


with the aſſiſtance of heat, and depoſit cryſtals in 
the form of a beautiful vegetation by cooling. A 
peculiar acid is formed by the diſtillation of nitrous 


acid with this ſubſtance. Camphor has been ob- 


tained in ſmall quantities from the roots of zedoary, 
thyme, roſemary, ſage, anemony and other vegeta- 
bles, by diſtillation. It is obſervable, that all theſe 
plants afford a much larger quantity of camphor, 
when the ſap has been ſuffered to pals to the con- 
crete ſtate by ſeyeral months drying. Thyme and 


peppermint, ſlowly dried, afford much camphor; 


and M. Achard has obſeryed, that a ſmell of camphor 
18 diſengaged when volatile oil of fennel 1 is treated 
with acids. M, Chaptal concludes, from theſe and 
ſome other facts of the ſame kind, that the baſe 


of camphor forms one of the conſtituent parts of 


fome yaa oils, in which it exiſts in the liquid 
ſtate 


Chap. 51 e 59 
ſtate, and does not become conerete, but by com- 
bining with the baſe of vital air. 

The camphor of commerce is obtained from a 
ſpecies of laurel which grows in China, Japan, and 
in the iſlands of Borneo, Sumatra, Ceylon, &c. 
The tree which produces it ſometimes contains it 
in ſo large a quantity, that it need only be cleft, in 
order to obtain very pure tears of camphor, of 
conſiderable fize. The roots of this tree afford 
camphor in by far the greateſt abundance, but it is 
alſo procured from the branches, trunk and leaves. 
The method of obtaining the camphor is by diſtil- 
ling the different parts of the tree with water. The 
alembic in which the operation is performed is 

covered with a capital or head filed with ſtraw. 
On the application of a ſufficient heat, the camphor 
is ſublimed in ſmall greyiſh grains, which are after- 
wards united into larger maſſes. The camphor in 
this ſtate is impure ; it is purified after being brought 
to Europe, principally in Holland, where it under- 
goes ſublimation in low flat-bottomed glaſs veſſels. 
Chaptal fays, that the Dutch mix an ounce of 
quick-lime wich every pound of ee previous 

to diſtillation, 
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VII. Res1ws are dried juices of plants, of the na- 
ture of eſſential oils. Almoſt all the concrete juices 
diſtinguiſhed by the name of reſins are ſoluble in 
ardent ſpirit, and not in water, whereas gums 
are ſoluble in water, and not in ſpirit. They 
uſually low from wounds made in the trunks of 
trees purpoſely to obtain them, They are inflam- 
| mable, and burn with much ſmoke, In cloſed veſ- 
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| fels the do not riſe wholly by heat, but are decom- 
poſed. Reſins differ from balſams in their ſmell, 
which is leſs agreeable, and eſpecially in their con- 
taining no concrete acid falt. The common reſin 
of the pine, the reſin of the fir, pitch, tar, and tur- 
pentine, are perfect reſins, and are ſoluble in ſpirit 
of wine. Copal, and the elaſtic ſubſtance called 
cacutchouc, which is the inſpiſſated juice of an 
African tree, are uſually but improperly reckoned 
among reſinous ſubſtances ; though neither ſpirit of 
wine nor water diſſolves them. They are ſoluble, 
however, in oils, by the aſſiſtance of heat, and 
have been thought to be of the nature of fat oils, 
though they differ in many remarkable properties. 

The juices called-gum-refins, or the mixtures 
of gum and reſin, are not completely ſoluble either 
in water or ſpirit of wine. Both theſe menſtrua, 
however, by diſſolving one of the component parts, 
fuſpend a portion of the other, from their 1 intimate 
union. 


VIII. Pure FrcolA or VIOETABLES.— If the 
ſubſtance of a vegetable is reduced to a pulp by 
pounding, this pulp by ſtrong preſſure affords a 
turbid white or coloured fluid, which by ſtanding 
depoſits a ſubſtance, more or leſs fibrous or Rae 
rulent, according to the nature of the vegetable 
ſubſtance from which it was obtained. This is 
called the fecula of vegetables, and conſiſts almoſt 
entirely of ſtarch. Some parts of vegetables ap- 
pear to be altogther compoſed of this matter; ſuch 
as the ſeeds of the gramineous and leguminous 
— tuberous roots, & c. Theſe parts in general 
. afford 


Chap. 3. | -Fecula of Vigetables. 6r 


afford the fineſt and - moſt abundant fecula, The 
ſtems and leaves of vegetables afford only a coarſe 
filamentous depoſition, but if this is powdered and 
waſhed, the water carries off a fine fecula, perfectly 
ſumilar to that afforded by grain. All vegetables 
therefore, and all the parts of them, afford more or 
leſs of this matter; the only difference is, that in 
ſome parts it is naturally diſengaged from other 
ſubſtances, in others it is in ſuch a ſtate, that it 
muſt be ſeparated by a laborious proceſs. The 
ſecula of ſome vegetables is ſeparated as an article 


of food: as: from. the root of briony, from potatoes, 


from the rot of a very acrid plant called manioc, 
from the pith of a kind of palm which grows in 
the Moluccas, which affords the fecula called ſago; 
and from the root of a ſpecies of prehis, which 
affords ſalep. | 


IX. Fan. —Flour, or the pulyerized ſub- 
ſtance of farinaceous ſeeds, has a ſtrong analogy | 


with the gummy and ſaccharine mucilages. Fari- 
naceous ſeeds, if kept in a moderate temperature, 
and ſupplied with moiſture, are, by the incipient 
proceſs of vegetation, converted in a great mea- 
ſure into ſaccharine mucilages, as happens in 
making malt. Wheat- flour is the moſt perfect 
farina with which we are acquainted, and I ſhall 
therefore confine my deſcription to it; though it 


muſt be confeſſed that this deſcription will not 
apply in all reſpects to the more - unperſect ſpecies h 


of farina. 


It a handfulof wheat-flour ; is taken and kneaded 
in a veſſel of water, underneath a ſtream from a 


cock, 
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62 Flour, Mucilage, Sc. [Book VIII. 
cock, the water carries off a fine white powder, 
and the kneading muſt be continued till the water 


paſſes off clear. The flour is then found to be ſe- 


parated into three ſubſtances z a greyiſh and elaſtic 
matter remaining in the hand, which is called the 
glutinous or vegeto- animal part; a white powder 
depoſited by the water, which is the fecula or ſtarch; 
and a ſubſtance held in ſolution by the water, 
which is of a ſaccharine mucilaginous nature. 
The glutinous matter exiſted before in the flour 


in a pulverized form, and acquires its tenacity by 


imbibing a portion of the fluid, but! is totally inſo- 
juble in it. It has ſcarcely any taſte, is elaſtic, 
ductile, and of a whitiſh grey colour. When drawn 
out, it extends to the length of about twenty times 
its diameter before it breaks, and appears as if 
compoſed of fibres placed beſide each other, àc- 
cording to the direction in which it has been drawn, 
If the force ceaſes, it recovers its original form by 


its elaſticity. When dry it is ſemi-tranſparent, 


and reſembles glue in its colour and appearance, 


If it is drawn out thin when firſt obtained, it may 


be dried by expoſure to the air, and in that. ſtate 
has a poliſhed ſurface, reſembling that of animal 
membranes. If it is expoſed to warmth and moiſ- 
ture while wet, it putrefies hke an animal ſubſtance. 
If this gluten in its dried ſtate is placed on burn- 
ing coals, or held in the flame of a candle, it exhi- 
bits the characters of an animal ſubſtance; it 


crackles, ſwells and burns, exactly like a fea- 


ther or piece of horn. By diſtillation it affords, 
like animal N alkaline waterg concrete vo- 
latile 


"ol 8 „„ 


latile alkali, and an empyreumatic oil, Tts coal is 
very difficultly incinerated, and does not afford fixed 
hk TT. 

From theſe facts 1 it Colds, that this ſubſtance i is 
rotally different from all the others known to exiſt 
in vegetables, and in many of its characters reſem- 


bles the. fibrous part of the blood. It is to this 


gluten that wheat-flour owes its property of form- 
ing a very adheſive paſte with water. This gluten 
does not appear to exiſt in any conſiderable quan- 
tity in other farinaceous ſubſtances, as rye, barley, 
buck-wheat, rice, &c. M. Berthollet thinks that 
this glutinous ſubſtance contains phoſphoric ſalt, 
hke animal matters,-and that this is the reaſon of 
the difficulty with which it is incinerated. Rouelle 
the younger found a glutinous ſubſtance in the 
ſecula of plants, analogous to that of wheat. 

The powder which I remarked, as being ſepa- 
rated from the farina, and which, being only ſuſ- 
pended and not diſſolved in the water, falls to the 
bottom by reſt, is the amylaceaus fecula or ſtarch, 
which indeed compoſes the greater part of the flour. 
This ſubſtance is very fine and ſoft to the touch; 
its taſte is ſcarcely ſenſible. © When firſt extracted 
by the proceſs which has been deſcribed, its colour 
is greyiſh; but the ſtarch-makers render it ex- 
tremely white, by ſuffering it to remain in the wa- 
ter for a time, after it has become acid. 

Starch ſeems nearly allied to mucilaginous mat- 
ters, and is totally different from the glutinous ſub- 
itance laſt deſcribed. Its habitudes and products 
with the fire, or with nitrous acid, are nearly the 
lame as thoſe of gum and of ſugar ; but it —_ 
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6%  Nutrimental Burt of Flur. [Book VII. 


mote from the ſaline ſtate than gum, as gum is 


lation with a naked fire, it affords an acid water of 
a brown colour, and a very thick oil towards the 


ſolved in the water in which flour is waſhed, does 
not efſentially « differ from other ſaccharine mucilages. 
By evaporating the water in which it is contained, 
M. Poulletier obtained a viſcous glutinous, ſubſtance, 


very ſmall proportion in wheat-flour. M. Four- 


leavened. 


from theſe ſubſtances i in being ſcarcely, if at all, 
acted on: by. cold water, though with hot water it 
forms a gelatinous fluid. It ſeems to be more re- 


more remote from it than ſugar. Starch burns 
without emitting an empyreumatic ſmell. By diſtil- 


end of the proceſs. Its coal is eaſily reduced to 
aſhes, which contain fixed alkali. 
The ſubſtance which was mentioned as being diſ- 


of a browniſh yellow colour, and ſlightly faccharine 
taſte. This ſubſtance, called by its diſcoverer the 
mucoſo-ſaccharine matter, exhibited all the phe- 
nomena of ſugar in its combuſtion and diſtillation. 
It is, this which excites the acid. fermentation in the 
water which floats above ſtarch ; for, as Macquer 
well obſerves, the latter is not at all ſoluble in cold 
water. The mucoſo- ſaccharine matter exiſts in a 


croy, however, is of opinion, notwithſtanding the 
ſmall quantity of it, that it is the part principally 
concerned. in the fermemation by which bread 1s 


Wich reſpect to what i is the nutrimental part of 
flour, all the ſubſtances into which it is reſolved, by 
waſhing it in water, ſeem well adapted to this pur- 
poſe; but as the amylaceous matter is the moſt 
abundant, ſo it is probably the moſt important in. 80 

gredient 


gredient. The amylaceous matter in wheat is to 


the glutinous in the Proportion of about three to 
two. 


Bread is the farina of grain, made into a paſte 


wich water, and baked. Unleavened bread, or biſ- 


cuit, keeps longeſt without ſpoiling, and is there- 
fore uſed at ſea, where baking would be extremely 
inconvenient. Bread uſed on ſhore is in general 
leavened, and for this purpoſe a quantity of yeaſt is 
added to it, while in the ſtate of dough ; in conſe- 
quence of this, and of being kept in a warm tem- 
perature, it undergoes fermentation, attended with 
the extrication of air, by which the particles are ſe- 


becomes more porous. This diſtenſion is ſtill fur- 
ther increaſed by the rarefaction of the air in bak- 
ing, and thus 1s formed a ſubſtance much more 
miſcible with water than dough, and upon this latter 


property ſeems to depend its greater wholeſomenefs, 
as being more : digeſtible. | 


9. CoLourginG MaTTERS of VeceTaABLEs. On a 
knowledge of the colouring matters of vegetables, 
depends the art of dying, which conſiſts in extract- 
ng from various ſubſtances colouring particles, 
and applying them to ſtuffs and other matters in- 
tended to be dyed, fo that they ſhall adhere as 
firmly and durably as poſſible. Dyers enumerate 
five colours, which they call primary, from the 
mixture of which other colours are produced: theſe 


are blue, red, yellow, nut- colour, and black, Good | 


ayes are thoſe which can reſiſt the action of water, 
ar, and of certain faline and ſaponaceous liquors, 
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perared from each other, and the mals ſwells and 
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which are uſed as the proofs of the durability of co- 
lours. Falſe dyes are thoſe which cannot reſiſt theſe 
proofs. | 
A great number-of vegetable colouring matters, 
which are of an extractive or ſaponaceous nature, 
are readily diſſolved in water. The colouring prin- 
_ ciple of many other ſubſtances reſides in a purely 
reſinous matter, inſoluble in water, and in ſome in- 
ſtances attached to matters inſoluble, even in ſpirit 
of wine; but they are all acted on by alkalies, which 
convert them into a kind of ſoaps miſcible with 
water. The principal colours of this nature are 
the annotto, a kind of fecula, obtained by macera- 
tion of the ſeeds of the urucu putrefied in water, 
and which dyes an orange yellow colour ; the flower 
of carthamus or baſtard ſaffron, which affords a 
very fine red; archil, which is a paſte prepared with 
moſſes, macerated in urine with lime, and which 
dyes red. The colour of indigo alſo reſides in 
a reſinous matter. | 
Certain colouring ſubſtances are ſoluble in oils. 
Alkanet, or the red root of a kind of burgloſs, is of 
this kind, but cannot be uſed in dying. 
We may eaſily conceive that a coloured decoc- 
tion may ſtain any ſtuff which is dipped into it, and 
that this colouring matter may be again abſtracted 
by the application of the ſame menſtruum as it was 
originally ſuſpended in. But the action of thoſe 
dyes, which, although once diſſolved and ſuſpended 
in water, cannot again, after they are applied to 
ſtuffs, be waſhed out, is not ſo eaſily underſtood, 
Theſe latter, or durable dyes, alone deſerve atten- 
tion. Dyes of different colours require different 


treatment. 
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treatment. Stuffs to be dyed of a red or yellow 
colour muſt be boiled in water, with alum or fixed 
alkali, before they are dipped into the dying de- 
coctions: the red colouring materials are kermes, 


cochineal, gum-lac, and mb ; the yellow ma- 
terials are luteola or dyers weed, and other yellow 


flowers. The ſtuffs for blue dyes require no pre- 


vious preparation. Theſe blue dyes are made of 
indigo, or the blue fecula obtained from woad, dif- 
ſolved in a lixivium of fixed alkali, or in urine, with 


or without the addition of ſome green vitriol. The 
ſtuffs intended to receive a root colour, require no 
previous preparation, but to be ſoaked in warm wa- 
ter. Theſe dyes are chiefly decoctions of walnut- 
ſhells, walnut-roots, alder-bark, ſumach, and ſaun- 
ders. Theſe root colours, which are all yellow, 
ſerve to form a very good ground, on which other 


more brilliant colours may be applied, and to them 
no faline or other matter is added. The black 
dyes, which are inks or decoctions of galls, mixed 


with green vitriol, require no previous preparation 
of the ſtuff. 

It is obſervable that wool takes the dye better 
than ſilk, filk than cotton, and cotton than flax. 
Writers on the art of dying hold different opinions 
reſpecting the manner in which colouring particles 
apply themſelves to the ſubſtances expoſed to their 
contact. Many have ſuppoſed that this application 
takes place only in proportion to the number and 
magnitude of the pores in the various ſubſtances. 


Macquer, who has paid great attention to this ſub- 


ject, ſuppoſes that the greater or leſs facility with 


vhich the colour is applied, depends on the re- 
ö 2 RD | 
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68 Theory of Dying. [Book VIII. 
ſpective nature of the colouring parts, and the 1ub- - 
ſtances propoſed to be dyed : and that dying is truly 
an external, tinge or painting, which ſucceeds and 

laſts by virtue of an affinity and intimate union 
between the colour and the dyed ſubſtance. - This 
ſerves to explain the uſe of the matters, which it is 
on many occaſions neceſſary that the ſtuffs ſhould 
imbibe, previous to immerſing them in the dying 
ſubſtance. The fame thing may be illuſtrated by 
conſidering the proceſs employed in the preparation 
of certain colours called lakes. Vegetable colour- 
ing matters are diſſolved, and then precipitated by 
the addition of ſome other ſubſtance. Thus, for ex- 
ample, if madder is boiled in water, together with 
an alkali, and alum is then added, the earth of the 
alum will be precipitated, together with the co- 
louring matter, with which it will form an inſolu- 
ble pigment. A double decompoſition here takes 
place, the vitriolic acid quits the earth of alum to 
- unite with the fixed alkali, and the vegetable matter 
unites itſelf with the earth. 


CHAT. 


o 


© ik y. VE. 


FERMENTATION. 


Three Kinds of Fermentation.—The Vinous or Jpirituons,—Spirit 
of Wine or Alcohol. Ether. —Acetous Fermentation. — Patrid 
Fermentation —»Obſervations on Putrefattion in general, 


AVING conſidered the ſtructure and compo- 

ſition of vegetable ſubſtances, it becomes 
neceſſary to direct our attention to certain ſponta- 
neous changes which they undergo, when deprived 
of the vital principle. - Theſe changes are called 
fermentations, which are three in number, and are 
termed, from their products, the vinous or ſpirituous, 
the acetous, and the putrid. The circumſtances 
univerſally neceſſary to fermentation are moiſture, 
a certain degree of heat, and the contact of air. 
The three kinds of fermentation are ſometimes 
conſidered as different ſtages of one proceſs ; this, 
however, is an improper. view of the ſubject, as 
each kind of fermentation is a peculiar proceſs, and 
torally different from every other. Some bodies 
become acid without having undergone the ſpiri- 
tuous fermentation, and others putrify without 
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ſhewing any diſpoſition to aſſume either that or the 
acetous ſtate. 

The conditions neceſſary for the production of 
the Vinous or ſpiricuous fermentation are 1. A 
degree of fluidi:y ſlightly viſcid. —2. The preſence 
of ſaccharine mucilage. It is found that the fer- 
mentable juices of truits, boiled till they become 
thick, are indilpoſed to ferment, and this not only 
in their inſpiſſated ſtate, but when diluted again 
with water: for this reaſon it is, that in the making 
of ſugar nothing is of more importance than the juice 
of the cane deing ſubmitted to boiling immeclately 
on being exprefied. Preſerves, and other mixtures | 
prone to fermentation, are prevented from that pro- 
ceſs by che ſame method. 3. A proper temperature, 
which varies from forty-eight to eighty of Fahren- 
heit's thermometer. If below this, the termentation 
is languid; if above it, it is impetuous, and is apt to 
ruſh into the acetous ſtare even before the vinous. 
—4, The addition of a quantity of the ſubſtance 
called yeaſt, which is itſelf the product of the vinous 
fermentation, is ot great aſſiſtance in exciting it. By 
what power yeaſt acts in producing the vinovs fer- 
mentation, has been much diſputed. Mr. Henry 
thinks that yeaſt is no other than fixed air already 
formed, but enveloped or entangled in the mucila- 
ginous matter of the liquor from which it was ob- 
rained ; and the ſame inge nious experimentaliſt was 
able to“ bring on the vinous fermentation, by adding 
to common wort a quantity of fixed air in the claſtic 
form. To account for this, it is not difficult to 
ISM ſuppoſe 
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ſuppoſe that fixed air has an attraction for its own 
conſtituent principles, when placed in favourable cir- 
cumſtances to act upon them; and that it will thus 
occaſion the ſeparation of fixed air from the fer- 
mentable liquor, which is ſo remarkable during 
fermentation. Yes 

The phenomena which preſent themſelves in a li- 
quor during the ſpirituous fermentation are—Firſt, 
A muddineſs, from the ſeparation of an aerial matter, 
which riſes in bubbles to the top in ſuch quantity, 


and in ſuch quick ſucceſſion, as to produce a hiſſing | 


noiſe, and form a froth. Theſe minute globules of 
air occaſion the motion of the particles of the fluid 
among one another ; and this motion is perceptible, 
even before the air 1s viſibly ſeparated. The glo- 


bules of air attach themſelves to the particles of the 


mixture, and buoy them up; at length the globule 
is detached, and the atom ſinks by its own weight. 
The nature of the air which is diſengaged was not 
underſtood till the modern experiments on aeriform 
fluids afforded ſo much aſſiſtance to chemical ſci- 
ence. It is now aſcertained to be the carbonic acid 


oas, or fixed air, which, being heavier than atmo- 


ſpheric air, forms a ſtratum in the upper part of 
the veſſel in which the fluid is fermenting, where it 
may be perceived from its greater denſity. This 
air, contained in the fermenting vats of brew- 
houſes, frequently produces the moſt fatal effects 
on the workmen ; and a candle dipped into it is as 
certainly extinguiſhed as if plunged into water. 
_— the time that the fermentation is going on, 

F 4 | the 
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the bulk of the liquid is augmented. Another phe- 
nomenon is the production of a gentle heat, equal 
to about ſeventy- two degrees of Fahrenheit's ther- 
mometer. After ſome days, the number of which 
varies according to the dilution of the ſubſtance and 
the degree of heat, the motion in the fluid di- 
miniſhes, the warmth abates, and the emiſſion of 
air is leſſened ; the liquor becomes clear, and the 
ſcum, which conſiſts of the more ſolid particles and 
air, becomes heavier in proportion as the air eſ- 
capes, and at laſt ſinks. The liquor has now under- 

gone a great change; it has acquired a pungent and 
pleaſant taſte and ſmell, and an inebriating quality, 
and has loſt its ſweetneſs. If the liquor is now diſ- 
tilled, inſtead of an inſipid matter, we obtain an 
ardent ſpirit, and a four, groſs fluid remains be- 
hind “. 


3 By 

The phenomena of fermentation have long been known; 
but it remained for Lavoiſier to afcertain with accuracy what 
happens in that proceſs. I ſhall therefore extract his experi- 


ments and concluſions, as ſtated by himſelf, in his Elements of 
Chemiſtry. 


TabTE I. Materials of Fermentation. 


libs, ox. gros gr. 


Water x. _ V 
Sugar Ws - > 20 © 0 0 
_ Yeaſt in paſte, 10 /ibs. Water 7:9 6:42 
compoſed of Dry yeaſt - 2 12 1 28 
Tot 31 0 0 0 


| TABLE 


Char- 
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By the experiments of Lavoiſier, it appears that 
ardent ſpirit (alcohol) or the product of the vi- 


nous 


Trout II. Conſtituent Elements of the Material: of 


F. er mentation. 


| lis. ox. gros Brie. | 
497 libs, 3: 0%. 6 pros 4.4 grs, Hyd rogen 61 


1 2 71.40 
\ of water, compoſed of Oxygen 345 2 3 4460 
| Hydrogen 8 0 o o 
1001ibs, ſugar, rn of « 8 — . „ 
Chagcoal 28 o 0 o 
Hydrogen 0 4 9.30 
23/ibs. 120%. LerecaBive. of Oxygen 1 10 - 28.56 
dry yealt, compoſed of J Charcoal 9 12 4 59 
Azote o © 5 2.94 
Total weight - 510 © © © T0 


* 


TanLs Ul. Recapitulation of theſe Elements. 


| libs. oz. gros gre. 


of the water 340' © 
of the water 

in the yeaſt 6 2 
of the ſugar 64 o 
of the dry yeaſt 1 10 


of the water 60 © 
of the water 


Oxygen. 
—— — 


in the yeaſt 1 


Hydrogen. 


| Azote of the yeaſt > 


I 

of the ſugar 8 © 

of the dry yeaſt © 7% 

7 of the ſugar 28 0 
Q 9 } of the yeaſt o 12 


80 5 | 
libs. OZ, gro. Er:. 
3 44-60 $411 12 6 1.36 


4 "> ” 124 ohm 


- 0:0 *5 2-94 


8 


— 


In all- 510 0 0 0 


« Having 
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nous fermentation, conſiſts of the ſame principles 


as ſugar, except that they are combined in dif- 


ferent proportions. Ardent ſpirit contains more 
hydrogen, and leſs carbon and oxygen ; which 
Jatter principles compoſe the carbonic acid gas 
which eſcapes during the ſpirituous fermentation. 
M. Lavoiſier ad.” that when ardent ſpririt is 
burned in a chimney adapted to receive the va- 


pours, 
* 


* Having thus accurately determined the nature and quan- 
tity of the conſtituent elements of the materials ſubmitted to 
fermentation, we have (adds M. L.) next to examine the pro- 
ducts reſulting from that proceſs. For this purpoſe, I placed 
the above 5 10 /:bs. of ſermentable liquor in a proper apparatus, 
by means of which I could accurately determine the quantity 
and quality of gas diſengaged during the fermentation, and 
could even weigh every one of the products ſeparately, at any 
period of the proceſs | judged proper. An hour or two after 


the ſubſtances are mixed together, eſpecially if they are kept 


in a temperature of from 155 (65.75%) to 18˙ (72. 5*) of the 


thermometer, the firſt marks of fermentation commence; the 


liquor turns thick and frothy, little globules of air are diſen- 
gaged, which rĩſe and burll at the ſurface ; the quantity of theſe 
globules quickly increaſes, and there is a rapid and abundant 
production of very pure carbonic acid, accompanied with a 
ſcum, wiaich is the yeaſt ſeparating from the mixture. After 
ſome aays, leſs or more, according to the degree of heat, the 
inteſtine motion and di:engagemeut of gas diminiſh ; but 
theſe do nor ceaſe entirely, not is the fermentation completed 
for a conſiderable time. During the proceſs, 35 /ibs, 5 ox. 
4 gres. 19 grs. of dry carbonic acid are diſengaged, which 
carry along with them 13 Js. 14 cz. 5 gros of water. There 
remains in the veſſel 460 /:bs. 11 oz. 6 gros. 5 3 grs. of vinous 
liquor, ſhghtly acidulous. This is at firſt muddy, but clears 
of itſelf, and de poſits a portion of yeaſt. When we ſeparately 
analyſe all tlñeſe ſubſtances, which is effected by very trouble- 

ſome 
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pours, a larger quantity of water is formed: than 
the whole of the ſpicit employed amounts to; 
- whence it follows, that ardent ſpirit contains a large 
proportion of hydrogen, which forms water, by 
combining with the vital air of the atmoſphere 


during 
ſome proceſſes, we hays the reſults as * in n the following 
tables. 
TABLE Iv. Produdt Tx Fermentation. 
libs. ox. gros gre. 


35 libs. 5 ox. 4 gros. 19 


grs. of carbonic 
acid, commpoted of 


ongn- - 4 7.0 
Canarcoal =» — 9 14 337 
408 libs. 15 oz. 5 gros. 


14 grs. of water, 
compoied of 


Oxygen = - -| 347.10 © 59 
„„ -- - - 0 $ 4 27- 


Oxygen, combined ; | 
with hydrogen = 31 6 1 64 
Hydrogen, combin- | 
ed with oxygen FE 42. 
Hydrogen, combin- 


57 bs. 11 oz. 1 gros. 
58 prs, of dry alko- 
hol, compoſed of 
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ed with charcoal 4 o 5 © 
1 combined 
with hydrogen - 16 11 5 63. 

2 libs. $ ez. of dry CER „ „ a ap 
; acctous acid, com- g Oxygen - — 1 113 0 
; poſed of Charcoal — S 6 
6 | 
I 4 libs. 1 ox. 4 gros. 3 3 1 F 
q gr.. of reſiduum of = . 3 
ſugar, . of Coat _ 1: 2 2 $3 - 15 
e Hydrogen - Oo 2 „ 41 5 
8 1 lib. 6 ox. O gros. 5 Oxygen 5 = o 13 114 
# gre. of dry F -- - . © 6 -# $o 
y compoſed of Azote „ .0 0 $37 
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« Ardent Spirit. [Book VIII. 
during combuſtion. That it alſo contains a pro- 


portion of Ins has been dran by M. Ber- 
holler, 


Tante V. Recapitulation of the Producti. 


Water - 


| : Carbonic acid 
409 l:bs. 10 0%. © g. Ajkohol! 8 5 31 6 1 64 
547. of oxygen, 


5 
WI 
» + 
1 

— 
0 
0 
Ga Wn 
+ Q 


NS Acetous acid - „„ 

contained in the f Reſiduum of ſugar 3 6 7.27 

| Yealit - - 0.43 1 14 

| 111  - - o 14 2 $7 

28 lib. 12 oz. 5 gros. Alkohol F 

Fo grs.of charcoal Acetous acid ie 8 0 

contained 1 in the Re ſiduum of ſugar t $3 33 
„ . „„ 

Water 1 

waer of the alcohol „„ 

71 libs. 8 oz. 6 gros. 66 Combined with the . 

grs. of hydrogen, charcoal of the alko. 4 o 5 © 

contained in the - | Acetous acid 8 

E of ſugar © 5 1 67 

| Yeaſt . - & 2 T 41 

2 gros 37 grs. of azote in the yeaſt - 0 0 2 > 

810 libs, « Total 510 0 © © 


In theſe reſults, I have been exact, even to grains; not 
that it is poſſible, in experiments of this nature, to carry our 
accuracy ſo far; but as the experiments were made only with 
a few pounds of ſugar, and as, for the ſake of compariſon, | 
reduced the reſults of the actual experiments to the quintal or 
imaginary hundred pounds ; I thought it neceſſary to leave 
the fractional parts preciſely as produced by calculation, 

When we conſider the reſults preſented by theſe tables 
with attention, it is eaſy to diſcover exactly what occurs 
during fermentation. In the firſt place, out of the 100 libs. 
of ſugar employed, 4 /ibs. 1 0. 4 gros. 3 grs. remain, without 

having 


Chap. 6. J] Ardent Spirit. 5 * 


thollet, who found that when a mixture of ardent 
ſpirit and water is burned, the reſidual fluid Pre- 
cipitates lime-water, which muſt proceed from its 
containing ſome carbonic acid. Spirit of wine 
aſſumes the form of an elaſtic EN at the RO 
ture of 185 degrees. 


- 


having ſufered decompoſition ; ſo that, in reality, we have only 
operated upon 95 /ibs. 14 oz. 3 gros. 69 grs. of ſugar; that is to 
| fay, upon 61 Libs. 6 oz. 45 grs. of oxygen, 7 libs. 10 o. 6 gros. 
6 grs. of hydrogen, and 26 libs. 13 oz. 5 gras. 19 grs. of char- 
coal. By comparing theſe quantities, we find that they are 
fully ſufficient for forming the whole of the alcohol, carbonic 
acid, and acetous acid produced by the fermentation. It is 
not, therefore, neceſſary to ſuppoſe that any water has been 
decompoſed during the experiment, unleſs it is pretended 
that the oxygen and hydrogen exiſt in the ſugar in that ſtate. 
On the contrary, I have already made it evident that hydro- 
gen, oxygen, and charcoal, the three conſtituent elements of 
vegetables, remain in a ſtate of equilibrium or mutual union 
with each other, which ſubſiſts ſo long as this union remains 
undiſturbed by increaſed temperature, or by ſome new com- 
pound attraction; and that then only theſe elements combine, 
two and two together, to form water and carbonic acid. 
« The effects of the vinous fermentation upon ſugar are thus 
reduced to the mere ſeparation of its elements into two por- 
tions; one part is oxygenated at the expence of the other, ſo 
| as to form carbonic acid, whilſt the other part, being diſoxy- 
genated in favour of the former, is converted into the combuſ- 
tible ſubſtance alcohol; therefore, if it was poſſible to re-unite 
alcohol and carbonic acid together, we ought to form ſugar. 
It is evident that the charcoal and hydrogen in the alcohol 
do not exiſt in the ſtate of oil, they are combined with a por- 
tion of oxygen, which renders them miſcible with water; 
wherefore theſe three ſubſtances, oxygen, hydrogen, and 
charcoal, exiſt here likewiſe, in a ſpecies of equilibrium or 
reciprocal combination; and in fact, when they are made tg 
paſs through a red hot tube of glaſs or porcelain, this union 
or equilibrium is deſtroyed, the elements become combined 
two and two, and water and carbonic acid are formed, 
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78 Eiber. [Book VIII. 


Spirit of wine and the acids act with conſidera- 


ble violence on each other. When ſtrong vitriolic 


acid 1s poured on an equal quantity of rectified ſpi- 
rit of wine, a ſtrong heat, with a remarkable hiſſing 
noiſe, are excited; the two ſubſtances become co- 


| Joured, and emit a ſweet ſmell, reſembling that of 


lemons, or the apple called golden rennet. If the 
mixture 15 made in a retort, and then ſubmitted to 
diſtillation in the well-regulated heat of a ſand bath, 
a large receiver, kept cool by the application of 
moiſtened cloths, being adapted, the volatile pro- 
ducts may be condenſed. Thele are: 1. Spirit of 
wine of a ſweet ſmell. 2. A fluid called ether, ex- 
tremely volatile, and alfo of a pleaſant odour ; this 
comes over as ſoon as the fluid in the retort begins 
to boil, and the upper part of the receiver is at 
the ſame time covered with large diſtin&t ſtreams 
of the fluid, which run down its fides. 3. A light 
yellow oil, called ſweet oil of wine; and 4, a ſul- 
HS ſpirit paſſes over, the white colour and 

ell of which indicate the proper time for changing 
the receiver, in order to have the ether ſeparate ; 
and this is ſucceeded by black and foul vitriolic acid, 

Ether is a fluid of a peculiar nature. Ir is the 


lighteſt and moſt volatile of all unelaſtic fluids, and 


its rendency to aſſume the elaſtic form is ſo ſtrong, 

that it is quickly diſſipated in the ordinary heat of 
the atmoſphere, unleſs confined. It is highly i in- 
flammable, ſo that it is dangerous to bring a candle 
near any conſiderable quantity of it, the vapour 


- taking fire, and communicating the inflammation to 
the whole volume, bs he acids with which ſpirit of 


wine 


Chap. 6. ] Acetous and putrid F ermentations. 79 


wine is diſtilled, in order to obtain ether, ſeem to 


effect this principally by robbing the ſpirit of part 
of its carbon, which latter ſubſtance occaſions the 


dark colour in the mixture, by decompoſing the 
acid. A ſmall part of the acid adheres to the ether 


in its aſcent, and this conſtitutes the differences 


which exiſt among the ethers, according to the acid 
by which they were produced. 

The Aczrous FERMENTATION. is ſtill more 3 
ple than the ſpirituous, and conſiſts merely in the 
abſorption of the vital or oxygenous part of the at- 
moſphere, by which vinous fluids are converted 
into vinegar; whence it appears that it is the pro- 
portion of oxygen alone which conſtitutes the vaſt 
difference which exiſts between ardent ſpirit and 
vinegar. That wine is converted into vinegar, by 
the addition of oxygen, is proved, as well from the 
general analogy of the formation of other acids, as 
by the following direct experiments. In the firſt 
place, we cannot change wine into vinegar, without 
expoſing the former to the contact of air containing 
oxygen, or employing ſome other mode of oxyge- 


nation; ſecondly, this proceſs is accompanied by a 


diminution of the volume of the air in which it is 
carried on, from the abſorption of oxygen; and 
thirdly, wine, by being converted into eee is 
Increaſed in weight. 

The PuTrib FERMENTATION is the deſtruction 


of the equilibrium which holds the conſtituent prin- 


ciples of bodies in a ſtate of combination. Thus 
a vegetable ſubſtance, which when entire conſiſts of 


a triple combination of hydrogen, oxygen, and 


carbon, is reſolved by putrefaction into hydrogen 
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=. Putrid Fermentation. [Book VIII. 


gas, and carbonic acid gas, which conſiſts of oxy- 
gen and carbon. As there is not enough of oxygen 


to convert all the carbon into carbonic acid gas, 


a quantity of the charcoal remains behind, mixed 


with the earthy and ſaline matter contained in the 


vegetable. Thus putrefaction in a vegetable ſub- 
ſtance, is nothing more than a complete analyſis of 
it, in which the conſtituent elements are diſengaged 
in the form of gas, except the earth, and a quantity 
of charcoal which remains in the ſtate of mould. 
Such is the reſult of putrefaction when the ſub- 


ſtances ſubmicted to it contain only oxygen, hy- - 


drogen, charcoal, and a little earth. But this caſe 
is rare; and theſe ſubſtances putrefy imperfectly, 


and with difficulty. It is otherwiſe with fubſtances 


containing azote, which indeed exiſts in all animal 
matters, and in a conſiderable number of vegetables. 
The putrid fermentation of animal ſubſtanees is 
commonly called putrefaction, and this is well 
known to take place in them, after they are de- 
prived of life. The circumſtances which favour 


putrefaction are the ſame as thoſe which promote 


the ſpirituous and acetous fermentations, viz. hu- 
midity, the admiſſion of air, and a due degree of 
heat. Heat to a certain degree promotes putrefac- 
tion, yet 20* above that of the human blood ſeems 


to prevent it. A {mall piece of fiſh which was lu- 
minous, and conſequently putrid, was put into a thin 


glaſs ball, and water of the heat of 118* extinguiſhed 
its light, and conſequently ſtopped its tendency to 


putrefaction, in leſs than half a minute; on taking 


it out of the water, it began to recover its light in 
| : about 


W W 0 | I 


TY or W's 
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in about ten ſeconds, but was never ** bright as 
before “. 


Azote, which abounds "Þ W te in ante ſub 


ſtances, not only occaſions a more rapid putrefac- 


tion, but renders its products conſiderably different 
from thoſe afforded by the decay of ſuch vegeta- 
bles as do not contain azote. In the putrefaction 


| - of animal; matters, the hydrogen, inſtead, of . eſ- 


caping in @ ſeparate ſtate, combines with the azote, 


and forms volatile alkali. The hydrogen gas alſo 


diſſolves a part of the carbon, the ſulphur, and the 
phoſphorus, all which ſubſtances enter into che 
compoſition; of, animal, matter; With theſe, it 
forms compound aerifotm. fluids, | which, have ob- 
tained the following names, carbonated hydrogen | 
gas, ſulphurated hydrogen gas, and phoſphorated 


hydrogen gas. The two latter of theſe gaſſes have 


a peculiar, diſagreeable odour, and, together with 
the volatile alkali, occaſion the penetrating and 
offenſive. exhalations which proceed from putrid 
matters. Sometimes volatile alkali predominates, 
which affects the eyes; ſometimes, as in feculent 


matters, the ſulphurated gas is moſt prevalent ; 'L 


and ſometimes, as in putrid herrings, the phoſ- 
prorated, hydrogen gas is moſt. abundant... . Carbo- 
nic acid gas is alſo diſengaged... It appears highly 
probable, that water, which is ſo neceſſary to putre- 
faction, is decompoſed during that proceſs, and that 
its component principles, oxygen and hydrogen, 
contribute to the great quantity of gaſſes which 
are u. Oxygen ſeems wo to be nel 


1 Priefiley s Hiſt. of Optic, P- 579. 
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32 Muſcular Matter changed into Oil. [Book VIII. 
from the armoſphere; ſince paces is expe- 
dited by vital air. 
MN. Fourcroy and M. T hourde' Bare obfirves 
' ſome peculiar phenomena in dead bodies, buried at 
a certain depth, and preſerved to a certain degree 
from contact of air; having found the muſcular 
' fleſh converted into true animal fat. This muſt 
- have ariſen from the difengagement of the azote by 
ſome unknown cauſe, leaving only the hydrogen 
and charcoal remaining, which are the elements 
8 of fat or Oil. This obſervation. M. Lavoiſier re- 
marks, may at ſome future period lead to diſco- 
veries of great importance to ſociety, by enabling 
the chemiſt to convert into oil ſubſtances which 
conſiſt of nearly the ſame principles; but Fat are 
at preſent of no value. 
The decompoſiti tion of vegetable matters by fire, 
was noticed, in treating of inflammable ſubſtances, 
m the chaprer on earbon or the carbonaceous prin- 
ciple; and the mode of extracting from the aſhe: 
of certain plants that uſefol ſubſtance che fixed 
l alkali, has been alfo deſcribed. 
There is perhaps no proceſs of nature better 
underſtood than'that of fermentation, and yet there 
As not any more calculated to excite our afſtoniſh- 
ment; there ts not any inſtance within my recol- 
lection fo ſtriking, of the ſurprizing change which 
combination produces in bodies; and it is the 
more wonderful, when we conſider, that different 
© Proportions of the fame ingredients produce fluids 
-- -effentially diſtinct in all their leading Characters. 
He that © made a weight for the winds, and 
weigheth the waters by meaſure; how excellently 
chas he ordered all things for the benefit of his cres 
: N tures 


\ 


Chap. 6.] Atheiſm inconſiſtent with Philoſophy, 83 
tures! © The undevout aſtronomer is mad,” is 
the ſtrong expreſſion of a ſublime writer; yet, if 
the wiſdom and providence of God is evident in 
thoſe immenſe bodies, of the ſtructure of which we 
are in a great meaſure ignorant, ſurely it is much 
more ſo in theſe minute operations, which are the 
immediate objects of our ſenſes, where every thing 
is plainly the effect of intelligence and deſign; and, 
however ignorant and fuperficial obſervers may 
wander from the path of truth, the naturaliſt at 
leaſt can never be an atheiſt. 
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OF ANIMAL MATTER IN GENERAL 


General Remarks on orgarized Bodies. Products from the Diſtil. 
lation of Animal Matter. — Elementary Principles which ener 
into the Compoſition of Animal Matter. Animal Acids. — Dir. 
ent Forms of Animal Matter. — Jelly.—Glue.—Ly * Fur 

tber Products. Fat. —Fibrous Paris. 


N treating of organized Bo; as introductory 

to an account of the vegetable ſyſtem, ſome 
| obſervations were made, which are alſo in a great 
meaſure applicable to animal nature. The elemen- 
tary principles, however, which enter into the com- 
poſition of animal bodies are more numerous than 
thoſe which are found in vegetable matter; and at 
the ſame time the ſtructure of animals is much 
more complex than that of plants. In both, the 
growth and increaſe is provided for by a curious 
kind of chemical apparatus, adapted for effecting 
thoſe wonderful changes, diffolutions, and combi- 
nations of matter, which are eſſential to their re- 
ſpective natures. All, however, that we have been 
able to diſcover in vegetables, is fome traces of 2 
vaſcular ſyſtem ; whereas, in animal nature, there 


is not only a moſt COON ſyſtem of veſſels, bu! 
means 


Go 


Chap. 1.] "Complex Structure of Animals. IN 


means provided for the augmentation of the tem- 
perature, and for the fulfilling of thoſe func- 
tions which belong to a creature, endued with a 
power of voluntary motion, and of thought. | 
To deſcribe with accuracy the ſpecific charadter- 
iſtics of different animals, to enter into the detail 
of what is called comparative anatomy, would 
employ an immenſe and elaborate treatiſe ; and in- | 
deed to acquire the neceſſary knowledge for ſuch 
an undertaking would occupy a long life. As the 
object, however, of the preſent work is to give a 


| general view. of nature, rather than to enter into 


that minuteneſs of diſquiſition which is chiefly 
neceflary for technical purpoſes, or for thoſe in- 
quirers whoſe leiſure and patience far exceed thoſe 


ol the majority of mankind, it will be neceſſary to 


confine the preſent ſubject within reaſonable limits. 
And fince it would be impoſſible in ſuch a work to 
treat of the ſpecific organization of every animal, 
[ have made choice of that one, whoſe parts and 


functions are found to be the moſt perfect; and as 


i: is eaſier to look down from an eminence than to 
aſcend the heights of creation, from what will be 
ſtated in the ſucceeding pages on the economy of 
che human body, it will not be a matter of great diffi- 
culty to comprehend that of other animals ®, The 
plan which will be purſued in this part of the work 
will not be; ; materially different from that which has 
been, adopted in the preceding. After a few obſer- 
* The moſt ariking and characteriſtic differences in the fa- 
bric of different animals are however noticed; but to deſcribe 
minutely the natural economy of every diſtin race of animals; 
would require an bee d nn has never "5h 


been done, d F407 er ie | 


36 Animal Mane. Book Ix. 


vations on the component principles of animal mat- 


ter, I ſhall proceed to conſider the ſtructure of thoſe 
organs which conftitate the animal machine; and 
laftly, the functions to which tight he. cron are fub- 
. 


When animal matter is Aiſtlled with” a N 


heat, we obtain a watery fluid, holding in ſolution 
ſome ſal ammoniac, ſuperſaturated with volatile 
alkali; a light oil, and a ponderous dark oil, mixed 
with concrete volatile alkali; a ſpongy coal re- 


mains in the retort, of difficult incineration, and 


which contains ſea- ſalt, mild foſſile alkali, iron, and 
calcareous earth, combined with phoſphoric acid. 
Such are the products afforded by the diſtilla- 
lation of all animal matters, except that the propor- 
tions vary, according to the degree of ſolidity in the 
part ſubmitted to diſtillation. The moſt character- 
iſtic mark of animal matter, is its containing azote, 
which conſiderably alters its products, both by 
putrefaction and diſtillation, and which in both 
theſe proceſſes combining with hydrogen produces 
volatile alkali. As vegetables and animals, howe- 


ver, paſs by inſenſible degrees into each other, ſo 


there are ſome vegetables which afford volatile al- 
kali, and which conſequently contain azote ; though 
in far leſs quantity than any animal matter. 

The elementary matters which enter into the 
compoſition of the ſoft parts of animals, are 
carbon, hydrogen, azote and oxygen; the bones 
are compoſed of calcareous earth and phoſphoric 
acid: a very {mall quantity alſo of iron, and of ſome 
neutral ſalts, particularly ſuch, as are compoſed of 


the mineral and volatile alkalies, and lime, o_ 
| bin 
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bined with the muriatic, phoſphoric and cretaceous 

acids, are diſcovered by careful aqalyſis. By the 

application of heat, the elementary matters above 
mentioned aſſume new arrangements and combi 

nations; hydrogen and oxygen uniting, form wa- 

ter; hydrogen and carbon, oil; hydrogen and 

azote, volatile alkali; oxygen and catbon, creta- 

ceous or carbonaceous acid ; ſome of the gaſſes alſo 

eſcape 3 in a ſeparate ſtate, and part of the carbon 

| remains behind with the earthy matter. Lavoiſier, : 

after having treated of the decompoſition of veget- 

able matter, obſerves : | 
© Animal ſubſtances, being compoſed nearly of” 

the ſame elements with cruciferous plants, give the 

| ſame products in diſtillation, with this difference, 
that, as they contain a greater quantity of hydrogen 

and azote, they produce more oil and more am- 

moniac. I ſhall only produce one fact, as a proof 

| of the exaQneſs with which this theory explains 

all the phenomena which occur during the diſtilla- 

tion of animal ſubſtances—which is the rectification / 

and total decompoſition of volatile animal gil, com- 

monly known by the name of Dippel's oil. When 

thefe oils are procured by a firſt diſtillation in a. 

naked fire, they are brown, from containing a little 

charcoal almoſt in a free ſtate; but they become 

quite colourloſs by rectification. Even in this ſtate 

the charcoal in their compoſition has ſo flight a 
connection with the other elements, as to ſeparate 

| by mere expoſure to the air. If we put a quantity. 

of this animal oil, well rectified, and conſequently 7 
clear, limpid, and tranſparent, into a bell-glaſs filled | 

with oxygen gas over mercury, in a ſhort time > the 
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gas is much diminimed, being abſorbed by che oil; 
the oxygen, combining with the hydrogen of the 
oil, forms water, which ſinks to the bottom; at the 
ſame time the charcoal which was combined with 
the hydrogen being ſet free, manifeſts itſelf by ren- 
dering the oil black. Hence the only way of pre- 
ſerving theſe oils colourleſs and tranſparent, is by 
keeping them in bottles perfectly full, and accurately 
corked, to hinder the contact of air, which always 
diſcolours them, 

Succeſſiye rectifications of chi oil furniſh another 
phenomenon confirming our theory. In each diſ- 
tillation a ſmall quantity of charcoal remains in the 
retort, and a little water is formed by the union of 
the oxygen contained in the air of the diſtilling 
veſſels with the hydrogen of the oil. As this takes 
place in each ſucceſſive diſtillation, if we make uſe 
of large veſſels, and a conſiderable degree of heat, 
we at laſt decompoſe the whole of the oil, and 
change it entirely into water and charcoal. When 
we uſe ſmall veſſels, and eſpecially when we em- 
ploy a flow fire, or degree of heat little above that 
of boiling water, the total decompoſition of theſe 
oils, by repeated diſtillation, is greatly more te- 
dious, and more difficultly accompliſhed.” 

Animal matters are compound falifiable baſes 
brought to the ſtate of oxyds by combination with 
oxygen, and which by the further addition of that 
principle are capable of becoming acids. Several 
animal acids have been diſcovered, ſome of which 
approach very near to the vegetable acids, Their 
baſes have not been aſcended with accuracy, but 
are ſuppoſed to be different co mbinations of carbon, 


Is 


. | hydrogen, 


ee? and azote. The animal acids at prefent 

known, are the following: El 

L actic acid, obtained from milk. HERES 
Saccho- lace; from 1 IT mille.” 


PFormie, frbtn'ants: | 5 pi 


Bombic, from flk-worms, 
Sebacic, from ſuer. ö - 
Lithic, from urinary calculus, 


Pruſſic, from blood, or other animal matter, 


4 


4 


by means of fixed alkali ignited with theſe 


85 matters. 


Having mentioned the . afforded by the 
complete decompoſition. of animal matter, it wall 


be proper to notice certain matters into which 


tie ſoft parts of animals may be reſolyed by the 
ation of menſtrua. If a part of an animal is boiled 
in water, it is gradually diſſolved, and a matter is 


extracted, which forms a ſolid but tremulous maſs 


when cold, and which is called jelly. This is found 
moſt plentifully in the white parts of animals, but 
may be obtained in a ſmaller or greater proportion 


from all. It is nearly inodorous and inſipid, and 


is ſoluble both in cold and hot water, but more 
eaſily in the latter. When its watery parts are more 
fully evaporated, it forms glue. The jelly of ani- 


mals is very analogous to the gum of vegetables, 


except that the latter does not contain azote, and of 


courſe is leſs prone to the putrefactive fermentation, 


and is incapable of affording volatile alkali. The 
glue obtained by boiling animal matters, differs in 
ſome meaſure according to the firmneſs. of, laxity 
of the ſubſtance ;from,which it is obtained; thus 
the ſkins, tendons, cartilages, and ligaments afford 


the 


90 Jelly, Glue, &c. [Book IX. 


the firmeſt glue. The ſkins of cels are the baſe 
of gold ſize; and from old white leather gloves 
and parchment is made a kind of glue uſed by 
painters. Glues differ from each other in their 
conſiſtence, taſte, ſmell, and ſolubility: there are 
ſome which readily become ſoſt in cold water; 
others are not diſſolved but in boiling water; but 
the preparation of the latter is not generally known. 
The beſt glue is tranſparent, of a yellow browniſh 
colour, without ſmell and taſte, and entirely ſoluble 
in water, with which it forms a viſcid uniform 
fluid. Animal jelly differs from glue, only in 
Poſſeſſing a leſs degree of conſiſtence and viſci- 
dity. The firſt is more eſpecially obtained from 
the ſoft and white parts of animals, and is far more 
abundant in thoſe which are young. Glue is ob- 
| rained in greateſt perfection from the tougheſt parts 
of older animals, Jelly and glue are inſoluble in 
ſpirit of wine, 

Lymph or ſerum conſtitutes the greater part of 
the fluids of animals, and will be afterwards treated 
of as a conſtituent part of the blood. | 

Spirit of wine, when applied to animal matters, 
_ diſſolves an extractive ſubſtance, which is depoſited 
on the evaporation of the fluid; this matter is alſo 
ſoluble in water. It ſwells and liquefies by heat, 
and emits a ſmell ſomewhat reſembling that of 
burned ſugar; it is chiefly this ſubſtance which 
covers the ſurface of roaſted meat, in the form of 
a brown eruſt. 

The fat of animals approaches very nearly to the 
nature of the fat oils of vegetables. The globules 
an riſe to FOE ſurface or water in which meat is 

5 | boiled, 


Chap. 1 1 Fat, Fibrods Matter, Ge. : 92 


boiled, conſiſt of the fat. The fat of animals, as 
well as the fat oils of vegetables, affords a peculiar 
acid, which is called rg ſebacic acid, or acid of 
ſuet. 

Aſter all theſe matters are e extracted, there re- 
mains nothing but a white fibrous matter, inſipid, 
and inſoluble in water. This matter has all the cha- 
racters of the fibrous part of the blood, which 1 

mall treat of in the following chapter. 
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Animals. Serum and Crafſamentum.— Polypuſes.— Analyſis f 
Blood.—Lymph,—lron in the Blood. Cauſe of the Red Co- 
lour.—Red Glebules Hewyfon' D . 


HIS fluid, which 1s fo eſſential to life, varies 
conſiderably in different ſpecies of animals, 

In man, and other large animals, it is of a red co- 
Jour, but in ſome ſmaller animals the circulating 
fluid is nearly colourleſs, and therefore fuch animals 


are called exſanguious; though with little propriety, 


as their circulating fluid appears to anſwer all the 
purpoſes of blood, and there ſeems no reaſon to 


affirm that nothing can be blood, which is not of a 


red colour. The moſt remarkable difference in 
the blood of animals, is with reſpect to the tempe- 
rature. The blood of man, quadrupeds, and birds, 
is hotter than the medium they inhabit; they are 
therefore called animals with warm blood. In 

fiſhes and reptiles it is nearly of the temperature of 


the medium they inhabit ; and theſe are therefore 


called animals with cold blood. The temperature 
of the blood, as well as the change of colour to 2 
brighter red, which the blood undergoes 1 in paſſing 
OIL IR bot | through 


-Qhape 2] Compoſition of the- Blood. 
.; through the lunge, [will bo d of in a future 
ehen en bsſpisanen. 0% 215998 zi Yo | 
-Wihen blood Aird from.a vein; it appears 
10 bean homogeneous, red fluid: it then, conſoli- 
dates into one uniform maſs ʒ in a little time a el- 
lowiſh watery. liquog begins, to ſeparate. from it, 
 which/is, more or leſs in quantity according tg the 
ſtate of the blood; the.xed. maſs, in the mean ting th 
contracts greatly in its dimenſions, expelling, t 
. watery liquor: from its poxes, and conſequentiy in 
ereaſing in firmneß and denſity. This ſeparat 
happens in the body after death, and produces thoſe 
coneretions in the heart, and large veſſels, thoſe, ad- 
heſive maſſes called polypuſes, which were formerly 
-oluppoſed: to have exiſted during life, and ſometimes 
to have betn the ĩmmediate occaſion. of death. By 
agitation, blood continues fluid but a conſiſtent 
fibrous matter adheres to the ſtick or inſtrument 
made uſe of to ſtir it, which by repeated ablution 
in water becomes white, and appears to be very 
fimilar to the fibres of animals obtained by waſhjng 
away the other adhering matters. Received from 
the vein in warm water, blood depoſits a quantity 
of tranſparent filamentous matter, the red portion 
continuing diſſolved in the water. On evaporat- 
ing the fluid, a red ſubſtance in the form of powder, 
or eaſily reducible to it, is leſt. Blood inſpiflared 
to dryneſs leaves a dark coloured maſs, amounting 
at a medium to about one fourth part of its weight, 
of a bitter ſaline taſte, eaſily inflammable, and 
burning with a blueiſh flame. The exficcated 
blood is not ſoluble in acid or alkaline liquors, but 
eives ſome tinge to water and to —_ of wine; 
| and 


34  Anahyfis of Blood. [Bock IX. 
and is more powerfully acted on by dulcified ſpirit 
of nitre. Recent blood is coagulated by the mi- 
neral acids, and by moſt of the combinations of 
them with earthy and metallic bodies! With ve- 
getable acids, and with" ſolutions of neutral ſalts, it 
mingles equably without coagulation. Alkalies, 
both fixed and volatile, render it more fluid, and 
Preſerve it from coagulating. Blood by diſtillation 
"affords the fame reſults as other animal matters 
Sir pounds of human blood diſtilled to dryneſs, 
with a gentle heat, were reduced to a pound and 
an half; aſter which the maſs was urged with a 
graduated fire, till the retort at laſt became red hot. 
The produce was ſeventeen ounces of liquor, twelve 
of which were a red and very empyreumatic vo- 
latile and alkaline fluid, and the other frve were 
oil. What remained in the retort was Wenn coal, 
| . ene four ounees and a half. 25018 

It has been already mentioned hal blood ſpon- 

taneouſiy ſeparates into two parts, a coherent maſ 

called the craffamentum, and an aqueous liquor 
called the ſerum, with which the craſſamentum is 
ſurrounded. ' 

Lymph or ſerum, which is alſo called the albu- 
minous matter, from its coagulating into a white 
maſs by the application of a heat equal to 156 
degrees of Farenheit's thermometer, is very analo- 
gous to the white of egg. Serum is alſo coagulated 
by acids and by ardent ſpirit ; alkalies render it 
more fluid. It converts ſyrup of violets to a green. 
Its colour is yellowiſh, inclining to green; its taſte 
is ſaline, and it feels between the fingers in ſome 
degree unctuous and adheſive, By diſtillation 
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it affords the dame Ans ppl as RO animal 


matters. 


Serum, expoſed 40 a warm eter in the 
open air, paſſes quickly to putrefaction. It unites 


with water in all proportions, but they are kept 


ſeparate by their different denſities, unleſs agitated 
together. Serum poured into boiling water for the 


moſt part coagulates inſtantly. The coagulation 
formed in ſerum by the addition of an acid, diſ- 


ſolves very quickly in volatile alkali, which is the 
true ſolvent of the albuminous part ; bur it is not 


at all ſoluble in pure water. The coagulation 


formed by ſpirit of wine, on the contrary, is ſoluble 


in water, as M. Bucquet has diſcovered. This li- 
quid, M. Fourcroy concludes, is an animal muci- 
lage, compoſed of water, acidifiable oily baſes, 
marine ſalt, chalk of ſoda, and calcareous phoſphat; 
this laſt appears to produce the roſe- coloured pre- 
cipitate, obtained by pouring the nitrous ſolution 
of mercury into ſerum. Though the liquid is 
ſcarcely coloured, the addition of nitrous acid, and 
more eſpecially of mercurial nitre, produces a roſe 
or light fleſn- colour, which M. Fourcroy has often 
obſerved in many other animal liquors. 

The craſſamentum, when well waſhed in water, 
is ſeparated into two very diſtinct ſubſtances, one of 


which is diſſolved, and tinges the water of a red 


colour, while the other remains behind in the ſtate 
of a white fibrous matter, the ſame as that which 
adheres to the ſtirrer with which recent blood has 
been agitated, in order to prevent its coagulation. 


The water in which the red part is diflolved, when 


heated with different OY exhibits all the cha- 
| racers 


96 | tron contained i In Blood. [Book 1 . 


| racers. of ferym ; but it contains a much greater 
quantity of iron, which may be obtained, by the 
- incineration. of the coal; and ſubſequent waſhing to 
_ ſeparate the faline matters. The reſidue of this 
. waſhing is a yellow calx of iron, of a, beautiful 
colour, and uſually attracted by the magnet. The 
red colour of the blood is therefore with ſome 
appearance of reaſon attributed to this metal. Iron 
has been obtained from the blood 1 in conſiderable 

quantity by Menghini, Rouelle, and Bucquet. 
The ſame chemiſts found that iron was capable 
ol paſſing into the blood from the inteſtines, ſince 
patients who were under a courſe of martial medi- 
cines are known to diſcharge a part of it by the 
urinary paſſages. Iron is obtained from the red 
particles of the blood, but not from the waſhed 
coagulum. Theſe facts, together with the increaſed 
redneſs of the blood by paſſing through the lungs, 
where it may be ſuppoſed to ſuffer a degree of cal- 
cination from the abſorption of oxygen, render the 

above opinion highly probable. - | 

The fibrous part of the blood, when 8 
waſhed, is white and inſipid; by diſtillation, like 
other animal matters, it affords water, oil and vola- 
tile alkali. Expoſed to a gentle heat, it is much 
hardened; when ſuddenly expoſed to a ſtrong heat, 
it ſhrinks up like parchment. It putrefies very ra- 
pidly, and affords much volatile alkali. It is inſo- 
luble in water, and when boiled in that fluid har- 
dens, and aſſumes a grey colour. Acids unite with 
it, and in particular the nitrous acid diſſolves it, 
and extricates azote and nitrous air; while the reſi- 
due by evaporation affords acid of ſugar in cryſtals, 
a pecu- 


Chap. a.] Microſcopical Appearance of the Blood. ff 
a peculiar oil in flocks, and the phoſphoric ſalt of 
lime. Marine acid forms a green jelly with the 


fibrous part of the blood. The acid of vinegar 


diſſolves it with the aſſiſtance of heat; water, and 
more particularly alkalis, precipitate the fibrous 


matter when diſſolved in acids. The animal ſub- 


ſtance is decompoſed in theſe combinations ; and 
when ſeparated | from the acids by any method, it 
no longer retains its former properties. 

The microſcopical appearances of the blood have 
attracted great attention. Various accounts have 
been publiſhed on this ſubject, moſt of which ſeem 
to have been framed more on theory and pre- 
conceived opinion, than actual obſervation. "Theſe 
falſities have been detected by Mr. Hewſon, whoſe 
microſcopical experiments on the blood are the 
lateſt which have been made, and remain at preſent 
(as far as relates to the compoſition of the blood) 
uncontradicted. I ſhall therefore tranſcribe the fol- 
lowing particular account of them, given by himſelf 
in a letter to Dr. Haygarth, phyſician, in Cheſter. 

© The red particles of the blood, improperly 
called globules, are flat in all animals, and of very 
different ſizes in different animals. In man they 


are ſmall, as flat as a ſhilling, and appear to have a 


dark ſpot in the middle. In order to ſee them 
diſtinctly, I dilute the blood with freſh ſerum. My 


predeceſſors, not having thought of this, could not 


ſee them diſtinctly. And Lewenhoeck in particu- 
lar, imagining a round figure fitteſt for motion, 


concluded they muſt be round i in the human body; 
though he and others allowed that in frogs, &e. 


whore they viewed them diſtinctly, Tow the blood 
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being thinner, they were flat. Now I prove that 
they are flat in all animals. In the human blood, 
where theſe particles are ſmall, it is difficult to de- 
termine what that black ſpot is,, which appears in 
the center of each. Some have concluded that it 
was a perforation ; but in a frog, where it is fix 
times as large as in a man, it is eaſy to ſhew that 
it is not a perforation, but on the contrary, is a lit- 
tle ſolid, which is contained in the middle of a ve- 
ſicle. Inſtead, therefore, of calling this part of the 
blood red globules, J ſhould call it red weſicles ; 
for each particle is a flat velicle, with a little ſolid 
ſphere in the centre. 

© I find that the blood of all animals, contains 
velicles of this fort. In human blood there are 
millions of them, and they give it the red colour; 
but in infects they are white, and leſs numerous in 
proportion than in man and quadrupeds. As they 
are flat in all animals, I ſuſpect that ſhape is a 
circumſtance of importance, hut can be altered by 
a mixture with different fluids. And I find, that 
it 15 by a determinate quantity of neutral ſalt con- 


ttetined in the ſerum, that this fluid is adapted to 


preſerving theſe veſicles in their flat ſhape : for if 
they are mixed with water, they become round, and 
diſſolve perfectly; but add a little of any neutral 
ſalt to the water, and they remain in it without 
any alteration in their ſnape, and without diſſolving. 
© Now, when it is conſidered that the blood of 
all animals is filled with theſe particles, we muſt 
believe that they ſerve ſome very important pur- 
poſe in the animal œconomy; and ſince they are 
ſo complicated in their ſtructure, it is improbable 
| | that 


Chap. 2.] Red Veſicles in the Blood. 99 
that they ſhould be formed by mechanical agitation 
in the lungs or blood-veſſels, as has been ſuſpected, 
but probably have ſome organs ſet apart for their 
formation. This -I ſhall endeavour to prove, 
when I have explained their ſtructure a little more 
Particularly, and mentioned the manner in which I 
exhibit it. I take the blood of a toad or frog, in 
which they are very large; I mix it with the 
ſerum of human blood to dilute it; I find them ap- 
pear all flat, ſo they do in the blood-veſſels of this 
animal, as I have diſtinctly ſecn in the web between 
its toes, whilſt the animal was alive and fixed in 
the microſcope. Their appearance in theſe ani- 
mals 1s not unlike ſlices of cucumber. I next mix 
a little of the blood with water, which immediately 
makes them all round, and then begins to diſſolve 
them whilſt they are round, I incline the ſtage of 
the microſcope, ſo as to make them roll down it; 
and then I can diſtin&ly ſee the ſolid in the middle 
fall from ſide to ſide, like a pea in a bladder. A 
neutral ſalt added to them at this time brings them 
back to their flat ſhape; but if the ſalt is not 
added, the water gradually diſſolves away the ve- 
ſicle ; and then the little ſphere is left naked. Such 
is the compoſition of theſe particles. I have exhi- 
bited theſe experiments to a conſiderable number 
of my acquaintance, who all ”_ in their being 
ſatisfactory. 

The microſcope I uſe is a ſingle lens, and 
therefore as little likely to deceive us as a pair of 
ſpectacles, which, as is allowed by all who uſe them, 
do not disfigure objects, but only repreſent them 
larger. 


H 2 — 


100 Solid Particles in the Blood, [Book 1X. 


It is unneceſſary to follow Mr. Hewſon into his 


ſpeculations with regard to the uſe of the thymus 


and lymphatic glands, -which he thinks are deſigned 
to fabricate the middle ſolid particles of the blood 
which are afterwards to be furniſhed with veſicles 
in the cells of the ſpleen. Theſe ipquiries may 
ſhew the ingenuity of their author, but will not an- 
ſwer our purpoſe, which is to detail with conciſenefs 
what has been aſcertained with certainty. 


3 
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able maſſes of matter, 
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III. 


CHaAP. 
 $STRUCTURE OF ANIMALS. 


Size of Man.—His ere Poſture.— Varietiet in the Structure of 
 Animals.—Parts of the Animal Body. 


A taking a general view of the formation of 


M, a circumſtance of importance is his ſize, 
conſidered in relation to the force of gravitation. If 
the ſize of man was much greater than it is, ſup- 
poſing his ſtrength to be only in proportion, his 
motions would be much ſlower, and more labo- 


rious; nor would his increaſe of ſize be entirely com- 
penſated by a diminution in the force of gravitation, 


for this would expoſe him to inconveniences, on 


account of the various relations in which he ſtands 
to other objects. On the contrary, was man much 


ſmaller, though he would gain in celerity what he 
would loſe in force, yet his weakneſs would inca- 
pacitate him for acting with advantage on conſider- 
On the whole, it ſhould 
ſcem, that neither an increaſe of ſize with an in- 
creaſe of gravitation; nor a diminution of ſize with 


a diminution of gravitation ; nor an increaſe of 


either with a diminution of the other, would in ge- 
neral fo well ſuit the conveniences of man, and his 
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102 Abardities of Helvetius. [Book IX. 


relation to other beings, as the ſtate in which he at 


preſent ſubſiſts. 

The moſt ſtriking difference of ſtructure between 
man and the other animals is his erect figure, ex- 
cellently adapted to the more extenſive views which 
he was deſigned to take of nature; and which, 
inſtead of being a mark, as Helvetius pretends to 
think, of human arrogance, in departing from the 
horizontal poſture, which was allotted to man in 


common with other quadrupeds, is one proof of the 


diſtance which the Deity meant to interpoſe be- 
tween man and the reſt of the animal creation. 
| Helvetius, however, denies the ſuperiority of man 
in every reſpect; and maintains, that the mental 


acquirements of a horſe would not be inferior to 
thoſe of a man, if the former was furniſhed with 


fingers, and endued with the ſame exquiſite ſenſe of 
feeling which the latter enjoys. We may grant that 
all our ſimple ideas are derived from the informa- 
tion of our ſenſes ; but we would aſk what experi- 
ments Helvetius or his adherents have made, to 
aſcertain, that there can be no differences in the 
ſtructure of intellectual organs? and upon what au- 
thority they conclude, that all the varieties we ob- 
ſerve in mental endowments, among individuals of 
the ſame race, as well as among different races of 
animals, are ſolely to be referred to differences in 

the organs of ſenſe? But granting all that Helvetius 
requeſts, how came man to have fingers and horſes 


none, if they were equally deſigned to gallop through 


the foreſt? — he muſt either have made fingers for 
himſelf, or he muſt have been originally deſigned 


by his Maker for nobler occupations, 
* | 
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: Chap. 4 I: Structure of the Ourang-Outang. 103 


The ſtructufe Bt! man, moreover, in ſeveral other 


particulars, entirely confutes the aſſertions of Hel- 


vetius; but without attending to other circum- 
ſtances, it will be ſufficient to mention the forma- 
tion of the lower extremities in man, fo different 


from the hind legs of quadrupeds, and fo admirably 
adapted to the ere poſture. By ſome naturaliſts 


the Ourang-Outang is conſidered as the original 
ſtock of the human race. His claims to humanity 


are founded upon kis being able to walk upright, 
being furniſhed with ſuch muſcles as are requiſite 
for that purpoſe. The form of his heart, lungs, 


breaſt, brains, and inteſtines are ſimilar to [thoſe of 


a man. ' He can fit upright with eaſe, and can 


handle a ſtick with dexterity. That his race is 


diſtin, however, from that of man, is evident, from 
his having thirteen ribs on each fide, whereas man 
has but twelve. He has not the faculty of ſpeech, 
and articulation is impoſſible to him, on account of 
the ſtructure of the parts about the larynx. 

While, however, we diſſent from Helvetius, in 


ſinking man to the level of other animals, let us 


reflect that the purpoſe of nature ſeems to be, to 
diffuſe life and enjoyment wherever they can exiſt; 
and let us avoid the oppoſite, narrow- minded, and 


if poſſible, ſtill more abſurd notion, that the happi- 


neſs of man is the ſole object of creation. 
In the animals which more commonly fall under 
our obſervation, the ſurface is ſoft, and the bones 


are deeply ſeated ; but in others the reverſe happens, | 
and we obſerve the bones forming a. caſe to the 


ſofter parts. We fee ſome animals furniſhed with 
wings, to ſport 1 in the regions of the atmoſphere ; 
"4 4 ſome 
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194 Variety in the Structure of Animals. [Book IX. 


ſome immerſed by means of a heavy ſhell, during : 
the whole of their exiſtence, in the depths of the 
ocean; and others furniſhed with organs, to perforate 
their dark paſſage through the bowels of the earth. In 
general the bones of animals are filled with marrow, 
but in many kinds of birds they are excavated for 
the reception of air, fitting them for floating more 
eaſily on the ſurface of water, and at the fame time, 
when neceſſity requires, for remaining longer be- 
neath its ſurface, In ſome. animals, even the brain 
and heart eſcape our moſt careful reſearches; and 
ſome, like vegetables, may be multiplied from the 
limbs of their parents. So endleſs indeed are theſe 
differences, that there is perhaps no one circum- 
ſtan of ſtructure or function common to all ani- 
mals. — But let us return from theſe extenſive pro- 
ſpects to the conſideration of the ſtructure of our 
own ſpecies. 

Before we proceed, however, to conſider the ſtruc- 
ture of the body, it will be proper to premiſe a few 
very brief definitions of the moſt remarkable parts 
of which it conſiſts. 

Bones are hard ſubſtances, which form the baſis 
of the body. 

Cartilages are firm, ſmooth, elaſtic bodies which 
cover ends of the bones, 

Muſcles are contractile organs, which are attached 
to bones, and perform the motions of the body. 

Tendons are tough cords, by means of which 
| muſcles are attached to bones. 
Ligaments are ſtrong fibres or membranes, which 
: connect bones to each ocher. 
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Chap. 3] Paris of the Body. 1056 


Blood- veſſels are membranous flexible tubes, 
which convey the blood to and fram the heart. 

Lymphatics are tranſparent tubes, which per- 
form abſorption, -- 

Nerves are white cords connected with the brain, 
and are the inſtruments of Senſation and volun- 
tary motion. 

Glands are organic maſles, deſtined for the pur 
poſe of ſecretion. | 
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- STRUCTURE-OF THE BONES. 


: Boner confoft of Fibres ; cellalar;—The Marrow Mae of Bone 


in old Age.— Hpiphyſes.— Perioſteum. P. 82 55 of Offification, 


ww Articulation. 
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HE body, as Hippocrates long ago re- 
marked, is a circle; and therefore at what- 

ever point we were to begin the deſcription, we 
ſhould ultimately be equally led, by the connexion 
of parts, to the conſideration of the whole. As 
the bones, however, may be conſidered as the baſis 
of the body, on which the other parts depend for 


ſituation and ſupport, it appears moſt eligible 


in the firſt place to conſider their ſtructure and 
uſes. | ” 
The bones conſiſt of fibres, diſtributed in lamellæ 


or plates; theſe plates are not cloſely applied to 


cach other, but, with the intervention of tranſverſe 


fibres, conſtitute cells. The cells are diſtributed 
through the ſubſtance of all the bones, but are uni- 
ſornily moſt remarkable in the centre, and on the 
ſurface of the harder bones are ſo ſmall as not to 
be diſtinctly perceptible without the aid of glaſſes. 
The marrow which fills the cavities of the bones 

is a fat oily ſubſtance, contained in a fine and tranſ- 
| parent 


Chap. 4.] The Marrow. 107 
parent membrane, which receives numerous blood- 
veſſels, and is ſupported by the filaments of the re- 
ticular ſubſtance of the bones. If the different 
parts of a bone are obferved, it is found that where 
the diameter of the bone is the leaſt, there the ſides 
are thickeſt and moſt compact; where the diame- 
ter is greateſt, which is in general towards the ends 
of the long bones, their ſtructure i is very cavernous 
throughout. The marrow pervades the whole ſub- 
ſtance of the bones, but is moſt remarkable in the 
middle part of the cavities of the long bones. Its 
appearance and nature alſo differ in different bones, 


or in the ſame bone in the progreſs of life. Thus 


the marrow is bloody in children, oily in adults, 
and thinner and more watery in aged people. 


At the time of birth, the bones are very imper- 


fect, particularly thoſe of the head; ſo that by 
being moveable in this part, and folding over each 
other during the time of delivery, an eaſier paſſage 
is procured for the infant. There are many pro- 
jections from the bones, which in infancy are ſoft, 
but which in the adult ſtate are bony ; and the ſame 

tendency to the formation of bone increaſing with 


our years, bones which were ſeparate in the prime 


of life concrete in old age. In the decay of the 
body, however; the bones are diminiſhed with the 
other parts, ſo as in extreme old age to weigh a 
third leſs than in the middle periods of life. 


To far the greater number of bones whoſe ends 


are not joined to other bones by immoveable ar- 
ticulation, are annexed, by the intervention of car- 
tilage, ſmaller bones, called epiphyſes or appendages. 


In young ſubjects theſe are eaſily ſeparable, * ns, 
. adults 
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. Periofteum, Sc. (Book IX. 
adults the point of nn is not very per- 
ceptible. 

The bones are furniſhed with a ng membrane, 
called the perioſteum, which is ſpread on their ſur- 
face, and the principal uſe of which ſeems to be 
to convey blood-veſlels for their nouriſhment ; theſe 
blood-veſſels are very numerous and remarkable 
in the bones in the infant ſtate, but become gra- 
dually leſs ſo in the progreſs of life. 

It has been ſuppoſed that the bones were formed 
by ſucceſſive oſſification of layers of the perioſteum. 
This opinion, however, is contrary to what is ob- 
ſerved on examining bones in the progreſs of their 
formation: and is alſo diſproved by ſome experi- 
mente, in which animals were fed with madder. 
Their bones were found to be tinged in proportion 
to the length of time that they were kept on this 
food ; but neither the perioſteum nor the cartilages 
were altered from their natural colour. 

The moſt general diviſion of the bones is that into 
the long and cylindrical, and the flat and the broad. 
The oſſification in both theſe kinds of bones begins in 
the middle, at ſeveral points at a time, and gra- 
dually extends towards. the ends of the long bones 
and the circumference of the broad. 

The ends of the long bones, where they are 
united to each other, are larger than their middle 
part, and ſeveral advantages attend this ſtructure. 
By theſe means the furkce of contact between the 
two bones of an articulation is increaſed, their con- 
junction conſequently becomes firmer, there is more 
ipace for the connection of muſcles, which alſo act 
more powerfully from Weir axes being further re · 

= moved 


o 
N 
1 ES CPM 28 bn . — 2 "EASY; ? 
2 . 3 er 3 8 


5 py N 


Chap. 4. ] : Articulation of Bones. - 20g 


moved from the middle of the joint, or the center of . 


motion. 

The bones are 8 to each ocher, either 
moveably or immoveably. They are moveably 
articulated in three ways :—1ſt. By a ball and 
ſocket, which admits of motion in all directions, 
as in the ſhoulder. adly, By a hinge, which al- 
lows motion in only two directions, as in the knee; 
and 3dly, By a long proceſs of one bone received 
into the cavity of another, which admits of a rota- 
tory motion, as in the articulation of the firſt and 


| ſecond vertebrae of the neck. The immoveable 


articulation of bones is of two kinds: 1ſt, where 
numerous proceſſes of two bones, like the teeth of 
ſaws, are mutually received into each other, as in 
the bones of the head ; and 2dly, by the growing 
together of bones with the intervention of car- 
tilage, as in the union of the os ſacrum with the 
oſſa innominata. 

The ends of bones which move on each 
other are tipped with ſmooth cartilage ; and the 
friction is till further diminiſhed by a fluid, much 
more flippery than oil itſelf, which is called 
ſynovia. The moveable joints are alſo furniſhed 
with ſtrong membranes, called ligaments, which paſs 
from one bone to another, affording ſtrength, and 
retaining the heads of the bones in their cavities. 
For the purpoſes of articulation, and the connection 
of muſcles, bones are uneven on their ſurface, and 
have numerous elevations and depreſſions, 
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Cn Ar. V. 


DIVISION OF THE SKELETON, WITH THE BONES 
OF THE HEAD. 


The Sheleton briefly deſcribed. Bones of the Cranium.—Bones of 
the Face f the Noſe—of the Palate.—T he upper and under 
Taw,—Form and Proportion of the ada. conan and 

Structure of the Bones of the Head, —Sutures. 


HE ſkeleton, by which is underſtood all the 

bones of the body in their proper ſituations, 

is divided into the head, trunk, and extremities. 

When the bones are put into a natural ſituation, 

ſcarcely any one of them will be found to have a 
perpendicular bearing on another; though the fabric 
compoſed of them is fo contrived, that in an erect 
poſture a perpendicular line from the common 
centre of gravity falls in the middle of their com- 
mon baſe. On this account, we can ſupport our- 
| ſelves as firmly, as if the axis of all the bones had 
been a ſtrait line, perpendicular. to rhe horizon ; 
and we have much greater quickneſs, eaſe, and 
ſtrength, in ſeveral of the neceſiary motions, as well 
as other advantages in the ſituation and protection 
of the viſcera. It is true, indeed, that wherever 
the bones on which any part of the body is ſuſtained, 
decline from a ſtrait line, the force of the muſcles 
required to eonanteratt the an is greater than 


would 


Chap. 5.1 | Bones of the Cranium, 111 


would be otherwiſe neceſſary; but this is more 
than compenſated by the advantages above men- 
tioned. . 

The bones of the head are dividetdi into thoſe of 
the cranium and face. The cranium, or that bony 
caſe which ſurrounds and protects the brain, con- 
fiſts of eight pieces of bone. At the fore part is 
placed the os frontis ; at the back part the os occi- 
pitis; at the upper and ſide parts the oſſa parietalia ; ; 


at the under and fide parts, the oſſa temporalia TS 


the fore part of the baſe the os ethmoides ; in the 
middle of it the os ſphenoides. Theſe two latter 
bones are common to the cranium and face. 

The os frontis is ſo called from being the only bone 
of the forehead, though it extends conſiderably far- 
ther upwards. It has ſome reſemblance in ſhape to the 
concha bivalvis, commonly called the cockle. The 
greater part of it is convex externally, and concave 
internally, with æ ſerrated circular edge. The up- 
per part of the os frontis, where it is connected to 
the parietal bones, is very ſmooth and convex, but 
below it has ſeveral inequalities, where it contri- 
butes conſiderably to the ſormation of the cavities, 
in which the eyes are lodged. In the part of the 
os frontis which correſponds with that part of the 
ſorehead immediately above the eye- brows, the two 
tables of the bone ſeparate by the external being 


protruded outwards, to form two large cavities, 


called frontal ſinuſes. Theſe cavities communicate 
with the external air by means of the noſe. The 
frontal bone ſerves to ſupport and protect the an- 
terior lobes of the brain. The falx of the dura 
mater, of which I ſhall have occaſion to ſpeak 
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112 Bones of the Craniam: [Book IX, 


more fully hereafter, is attached to a ridge or fur- 
row at the middle and internal part of this bone. 
The os frontis is pierced with ſome ſmall holes for 
the paſſage of blood-veſſels. 

Each of the two oſſa parietalia is an irregular 
ſquare, its upper and fore ſides being longer than 
that behind or below. The inferior fide is a con- 
cave arch ; the middle of 1t receiving the upper 
and round part of the temporal bone. The ex- 
ternal ſurface of each parietal bong is convex. 
Qa their inner concave ſurface we obſerve a num- 
ber of deep furrows, diſpoſed like the branches 
of trees, which receive the blood-veſlels of the 
dura mater. On the inſide of the upper edge 
of the oſſa parietalia, there is a large ſinuoſity, 
where the upper part of the falx is faſtened, and 
the ſuperior longitudinal ſinus & lodged. The oſſa 
parietalia are the moſt equal and ſmooth, and are 
among the thinneſt bones of the cranium; and yet 
the diviſion of their ſubſtance into two tables and 
a diploe is no where ſo remarkable. Theſe bones 
are joined before to the os frontis by the coronal 
ſuture ; at their long inferior angles, to the ſphenoid 
bone, by part of the future of this name; at their 
Jower edge, to the offa temporum, by the ſquamous 
ſuture; behind to the os occipitis, by the lambdoidal 
ſuture; and above to one another, by the ſagittal 
ſuture. In a child born at the full time, none of 
the ſides of this bone are completed, and the brain 
is in general not completely ſurrounded by a bony 
caſe, till ſix or ſeven years of age. 
I. be oſſa temporum are equal and ſmooth above, 
where they terminate in a chin ſemicircular edge, 

| png 


which is laid over the inferior part of each of the 
oſſa parietalia, as the ſcales of fiſh are placed over 
each other, forming a juncture, which is on this 
account called ſquamous. Behind this, the upper 


unequal. Towards the baſe of the ſkull, the tem- 
poral bone is very irregular and unequal, and be- 
comes contracted into an oblong very hard ſub- 
ſtance; and being extended forwards and inwards, 
becomes ſmaller, and is called the os petroſum, which 
contains the internal parts of the organ of hearing. 
This bone has three remarkable proceſſes. The firſt, 
placed at the lower and poſterior part of the bone, 
is from its reſemblance to a nipple called maſtoides 


hearing. About an inch farther forward, the ſe- 
cond proceſs begins to riſe from the bone; and 
having its origin continued obliquely downwards 
and forwards, it becomes ſmaller, and is at length 
united with a correſponding proceſs of the os male, 


jugum or yoke, under which the temporal muſcle 
paſſes. Hence this proceſs of the temporal bone has 
been called zigomatic. From the inferior unequal 
part of the. os temporum the third proceſs ſtands 
out obliquely forwards ; the ſhape of it has been 
thought to reſemble the ancient ſtylus ſcriptorius, 
and it is therefore called the ſtyloid proceſs. The 
chief uſe of theſe proceſſes is to afford attachment 
to muſcles. Numerous ſinuoſities or depreſſions of 
this bone, by increaſing the ſurface, anſwer the ſame 


purpoſe. This bone has alſo ſeveral e 
Vot. HI. 1 a | one 
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part of the temporal bone is thicker, and more 


or mamillaris. Within it is compoſed of ſmall cells, 
which have a communication with the organs of 


or cheek- bone. In this manner is formed a bony 
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one of which, ſituated between the zigomatic and 
maſtoid proceſſes, is the orifice of a large funnel or 
canal, which leads to the organ of hearing. 
Ihe os occipitis, fo called from its ſituation at 
the back part of the head, like the other bones of 
the cranium, is externally convex, and internally 
concave. Its figure is an irregular ſquare, or rather 

a rhomboid; of which the angle above is generally 
a little rounded; and the lower angle is extended 
to the inferior part of the cranium, in the form of a 
wedge, and is thence called the cuneiform proceſs: 
At the baſe of this triangular procefs, on each ſide 
of the great foramen, through which paſſes the ſpinal 
marrow, are obſerved two large oblong proceſſes, 
calledthe condyles, which ſerve for the articulation of 
the cranium with the firft vertebra of the neck. 
Around the great foramen, the edges are unequal, 
for the firmer adheſion of the ſtrong circular liga- 
ment which paſſes from the circumference of the 
| foramen to the firſt vertebra. On the inſide of the 
occipual bone are ſeveral ridges and furrows; to one 
of the ridges is fixed the poſterior part of the falx, 
and the furrows receive the ſinuſes which run in this 
part of the cranium. The ridges of this bone form 
a croſs, and round the middle of the croſs there are 
four large depreſſions, ſeparated by its limbs; the 
two upper depreſſions being formed by the poſterior 
part of the brain, and the two lower by the cere- 
bellum. The inner ſurface of the cuneiform pro- 
ceſs is hollowed for the reception of the medulla 
oblongata and the baſilar artery. Beſides the great 
ſoramen, there are ſeveral other perforations in this 
bone: 
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bone, or between it and the adjoining bones, for the 


paſſage of nerves and blood-veſſels. The occipi- 
tal bone at its upper part, where 1t is chiefly ex- 
poſed to injury, is very thick and ſtrong, but lower 
down, where it is protected by the ſtrong and thick 
muſcles which are inſerted into it, it is often very 
thin. The occipital bone is connected above to 
the oſſa parietalia by the lambdoidal ſuture; la- 
terally to the temporal bones by a continuation of 
the ſame ſuture; below it is firmly connected by 
an union of ſubſtance to the ſphenoid bone, by 
means of the cuneiform proceſs. 


The os ethmoides, or ſieve- like bone, derives its 


name from the numerous ſmall apertures with which 
It 15 pterced at its fore part. From the middle of the 


internal ſide of the lamella, which is ſo full of holes, 


a thick proceſs riſes upwards; and being higheſt 
at the fore part, gradually becomes lower as it is 
extended backwards. From a fancied reſemblance 
of this proceſs to a cock's comb, it has been called 


the criſta-galli. The falx is connected to its ridge, 


and to the unperforated part of the cribriform plate. 
All the prominences, cavities, and meanders of the 
ethmoid bone are covered with a continuation of 
the meinbrane of the noſtrils, The uſes of this 
bone are to ſuſtain the anterior lobes of the brain; 
to give paſſage to the olfactory nerves, and attach- 
ment to the falx ; to enlarge the organ of ſraelling, 
by allowing the membrane of the noſe a greater 
extent; to form a part of the orbit of the eyes, and 
the ſeptum varium. 

The os ſphenoides, or wedge-like bote, which 
is ſo called from its ſituation in the middle of the 
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bones of the cranium and face, is of a very irre- 
gular figure, and bears ſome reſemblance to a bat, 
with its wings extended. This bone is generally 
divided into a body, and two ſides or wings. When 
we view the external part of the os ſphenoides, 
two or three remarkable proceſſes from each ſide 
of it may be obſerved, which are all of them again 
ſubdivided. The firſt pair conſiſts of the two 
large lateral proceſſes or wings; the upper part 
of cach of which is called the temporal proceſs, 
becauſe they join with the temporal bones in form- 
ing the temples: that part of the wings which pro- 
jects towards the inſide, ſomewhat lower than the 
temporal proceſles, and is ſmooth and hollowed, 
forms part of the orbits. The loweſt and back part of 
each wing runs out with a ſharp point, called the 
ſpinous proceſs, to meet the point of the pars pe- 
troſa of the temporal bone. The ſecond pair of 
external proceſſes of the ſphenoid bone are the 
aliform or pterygoid, and vrhich ſtand out almoſt 
perpendicular to the baſe of the ſkull. Each of 
them has two plates and a middle foſſa at the poſterior 
ſurface. Of theſe plates, the exterior is the broadeſt; 
the interior are longeſt, and terminate in a hook - 
like proceſs. Another pair of proceſſes may be 
mentioned, v1z. the little triangular thin proceſſes 
which come from cach fide of the ſphenoid bone, 
where the pterygoid proceſſes riſe from it; theſe 
are extended to join the ethmoid bone. The 
external ſurface of this bone is every where 
covered with depreſſions, ſinuoſities, and foſſæ. 
Within there are three remarkable foſſæ; two of 
cheſe are ſeated in the internal part of each wing 
of 


of the ohenoid bone, for receiving the middle 
part of the brain. The third, which is ſmaller, is 
ſeated on the top- of the body of the bone, which 
from its reſemblance to a Turkiſh ſaddle is de- 
ſcribed under the name of fella turcica. In this 
foſſa a gland called the pituitary is placed; behind 
and before it are the clinoid proceſſes. The holes on 
each ſide of the 0s ſphenoides are ſix proper and 
three common. The firſt is a round aperture, 
immediately below the anterior clinoid proceſſes, 


which tranſmits the optic nerve and ocular artery. 


The ſecond, which is a large ſlit, and is called the 
foramen lacerum, tranſmits the third, fourth, ſixth, 
and the firſt branch of the fifth pair of nerves. 


The third hole, ſituated a little lower, is called 


rotundum from its ſhape, and tranſmits the ſecond 
branch of the fifth pair of nerves. The fourth is 
the foramen ovale, about half an inch behind the 
foramen rotundum; through it paſſes the third 
branch of the fifth pair. Very near the point of 
the ſpinous proceſs is the fifth hole of this bone, 
which is ſmall and round, and gives paſſage to the 
largeſt artery of the dura mater. The ſixth proper 
hole cannot well be ſeen till the cuneiform bone is 
removed from the other bones of the cranium—for 
one end of it is hid by a ſmall protuberance of the 
internal plate of the pterygoid proceſs, and by the 
point of the proceſſus petroſus of the temporal 
bone. Through it a conſiderable branch of the 
fifth pair of nerves is reflected. The firſt of the 
common apertures is that unequal fiſſure at the 
fide of the ſella turcica, between the extreme point 
of the os petroſum and the ſpinous proceſs of the 
= I 3 cuneiform 


Chap. 8. * | Sella Turcica, Ec. 117 


— — - 2 
F 2 
, . L 2 - 2 £ * * 23 x 
hy — - . „ r — $ 
C K ͤ ——— ( rn: 2 . : 2 — 
2&5 5 Nerd ; er 3 —— r 
3 AP _—_ : ag” 4 — 2 — - 2 - * rude; = : E 
> ay 9 N : 1 — 6 * 
= pl — 2 yo 0 apa > 2 a 
* 1 2 8 * ; 


— 8 e 


"LO y "+" " 
a re . 
— =: 

— 


= 3 
2 | Fan” 
oY — C * 


118 | e Bones of the Face. [Book IX, 


cuneiform bone. This perforation only appears 
after the bones are boiled ; for in a recent ſubject, 
its back part is covered by a thin bony plate, which 
lies over the internal carotid artery, and farther 
forward it is filled with a cartilaginous ligament, 
under which the cartilaginous part of the euſtachian 
tube is placed : 1t was by this paſſage that the an- 
cients. believed the ſlimy matter was conveyed from 
the glandula pituitaria to the fauces, The ſecond 
aperture is a large diſcontinuation of the external 
ſide of the orbit, left between the orbitar pro- 
ceſſes of the ſphenoid hone, the os maxillare, 
malæ, and palati. The third common aperture 
is formed between the baſe of this bone and the 
root of the orbitar proceſs of the palate bone of 
each ſide. 

nder the ſella turcica, within the ſubſtance af 
the ſphenoid bone, are two ſinuſes, ſeparated by a 
bony plate, which are lined with a membrane and 
open into the noſtrils. | 

The ſphenoid bone 1s joined to all the hk of 
the cranium, and likewiſe to the oſſa maxillaria, oſſa 
malorum, oſſa palati, and vomer. 

The face is divided into the upper and under 
maxilla. or jaws. The upper jaw is the immove- 
able part of the face, which conſiſts of ſix bones on 
each fide, and a thirteenth in the middle. The 
thirteen bones are two ofla naſi, two oſſa unguis, 
two oſſa malarum, two offa maxillaria, two ofla 
palati, two offa ſpongioſa inferiora, and the vomer. 
The oſſa naſi are placed at the upper part of the 
noſe ; the offa unguis are the internal canthi of the 
orbits; the oſſa malarum form the prominence of 
| the 
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the cheeks; the offs maxillaria form the ſide of the 
noſe, with the whole lower and fore part of the 
upper jaw, and the greateſt part of the roof of the 
mouth; the oſſa palati are ſituated at the back 
part of the palate, noſtrils, and orbit; the oſſa ſpon- 
gioſa are ſeen in the lower part of the noſtrils; and 
the vomer helps to ſeparate theſe two cavities. 
The bones of the face, beſides being connected to 
the bones of the cranium by ſutures, common 
to them with the bones of the cranium, are 
joined to each other by fifteen ſutures, which it 
would be tedious to deſcribe. Neither does a 
deſcription of the form and connection of each 
of theſe ſmall bones fall in with the general 


view of the ſtructure of the body which I propaſe 


to take. 

The lower jaw in the adult conſiſts of only one 
bone. In form, it reſembles a horſe-ſhoe, the 
_ convex part of which is turned forwards, and forms 
the chin. At its back part this bone is bent up- 


wards, and terminates in two proceſſes. The an- 


terior of theſe, which riſes higheſt, is a thin 
point, into which muſcles are inſerted. The poſ- 
terior proceſs terminates in an oblong ſmooth head 
Upped with cartilage; z 1t is called the condyloid, 
and is received into a foſſa of the temporal bone, 
where it is capable of very extenſive motion. 
There is a cavity through the ſubſtance of this 


bone, which receives a large twigg of the third 


branch of the fiſth pair of nerves. This begins at 
the bottom of each. coronoid proceſs, and termi- 


nates e near the chi» This bone is fur- 
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120 Form of the Cranium, Ec. [Book IX. 
niſhed with an outer and inner bony plate, called the 
alveolar proceſſes, for retaining the teeth with firm- 


neſs. In each of the jaws are placed ſixteen teeth; 
ſo that the head, if we include the os hyoides, a 


ſmall bone ſituated under the chin, Wan in the 
adult of ſixty- three pieces. 


With reſpect to the form of the cranium, when 
ſeen from above, and when the forehead is _ 


next the eye, it very much reſembles that of an e 


the os frontis correſponding to the ſmaller end of 1 it, 


and the os occipitis to the greater. When ſeen in 


any other point of view, however, chis reſemblance 
is not perceptible. The ſides of the head are flat, 
and the lower part is flat and irregular. The bones 
of the face conſtitute an imperſect triangle. The 
ſize of the head, in a well-formed perfon, is to the 


reſt of the body as one to nine. 


The ſubſtance of the bones of the cranium is in 


general made up of two tables or plates, with the 
| interpoſition of a ſpongy cavity. The external 


table is thicker, ſmoothe r, and covered with the 
perioſteum ; the internal is thinner, more uneven, 
more brittle, and is lined with a thick vaſcular 
membrane, called the dura mater, 

The bones of the head are united to each other 
by a number of tooth-like proceſſes; and theſe 
joinings are called ſutures. The coronal ſuture 


runs acroſs the head, and connects the frontal a 


bone to the parietal bones. The ſagittal ſuture 
divides the upper part of the head into two 
equal parts. It connects the two parietal bones 
to each other, and paſſes from the middle of the 
frontal to the middle of the occipital bone, 


The 
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The lambdoid ſuture is interpoſed between the 
back and fore parts of the cranium, or between 


the occipital and two parietal bones. The two 


ſquamoſe ſutures connect the temporal bones to 
the parietal. There are alſo many leſs remarkable 


ſutures, which Join ww bones of the 8 to thoſe of 
the nim. a 
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CNH AP VI. 
THE TRETH 


General Deſcription of the Teeth. — Inciſoras.— Canini.— Molares.— 
Enamel of the Teeth. — Growth of the Teeth. — The Face 


Fengthened after Eight Tears of Age—Varictics in the Teeth of 
different Animals. 


HE teeth, both of the upper and lower jaw, 
are fixed in ſockets of the jaw-bones, formed 
of thin bony lamellæ. That part of the teeth which 
projects beyond the gums, is called their body; the 


external termination of the body, the corona or 


crown ; and that which is hid, and which termi- 
nates in a wedge-like point, is called the radix or 
root. The roots of the teeth are perforated at their 
extremities, for the reception o nerves and blood- 


veſſels. 


The teeth are divided into » three orders, The 
four front cutting teeth, are called inciſores. Next 
to theſe is placed on each fide a tooth, called from 
its form the canine or dog-tooth ; and laſtly, on 
each ſide five molares or grinding teeth. The laſt 


tooth on each ſide, from its not being cut till after | 


the age of puberty, is alſo called dens ſapientiæ, or 


the tooth of wiſdom. 


: 1 he four inciſores are ſmaller and narrower in 
the lower than in the upper jaw, The corona of 
| | the 
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the incifores is broad and ſharp, and in children is 
much notched. The roots of the inciſores are ſhort, 
and terminate in a ſingle blunt apex. The canine 
teeth are ſtronger, more acute, and more deeply 
rooted than the inciſores. They are convex before 
and concave behind, and are fitted for tearing our 
food to pieces. The molares, by the eminences on 
the corona, and by their broad upper ſurfaces, are 
evidently, as their name expreſſes, deſigned for the 
grinding of the food. The anterior molares are 
ſmaller and leſs uneven on the corona than the 
poſterior ; the ſtrongeſt being placed neareſt the 
articulation of the jaw-bone, becauſe there we can 
exert the greateſt force. The roots of the molares 
are long and pointed ; each tooth has two, three, 
four, and ſometimes, though very rarely, five roots. 
The roots ſometimes ſtand ſeparate, ſometimes are 


concreted together; ſometimes they are ſtrait, 
ſomerimes crooked. 


corona 1s covered with a curious ſubſtance, called 
the enamel. This is thin, white, ſhining, and, being 


body, is admirably e to the purpoſes of 
maſtication. 

„ ſcarcely neceſſary to HIND that in eating 
we only move the lower } Jaw, and that the upper 
is on all occaſions fixed and immoveable. 

In the infant ſtate, two ſets of teeth are already 
obſervable in the jaw- bones. In the cutting of 
the teeth, the inciſores firſt make their appearance, 


in general about the eighth month ; and afterwards, 


at about two Years of age, two molares and the 
dog- 


Chap. 6. Subſtance of the Teeth. 123 


The ſubſtance of the teeth is compact. The 


the hardeſt and moſt compact ſubſtance in the 
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 dog-tooth. The firſt ſet of teeth when complete 
zs but twenty in number, v1z. eight inciſores, eight 
molares, and four canini. In the ſecond ſet are 


added twelve molares, viz. three on each ſide in 


each jaw, making the complete ſet in the adult 
thirty-two. To make room for this addition, the 
Jaws undergo a gradual elongation. Hence the 
face is ſo much lengthened from eight to eighteen 
years of age. About the ſeventh year the ſecond 
ſet begins to ſupply the place of the firſt, which by 
this time become looſe, hy the waſte of the ſockets 
and the growth of the teeth below. 
If we extend our views to the lower animals, we 
ſhall find no part of the body more various among 
different races than the teeth. This circumſtance 
is ſo remarkable, that Linnæus has employed it in 
the diſtribution of the firſt claſs of animals (the 
mammal) into its ſeveral orders. To enumerate 
all the varieties of teeth would be impoſſible, and 
at preſent it would be ſuperfluous. Let it be re- 
.marked, however, that they are not without 
their uſes, and that every animal experiences the 
advantages of its own peculiar ſtructure, 
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BONES OF THE TRUNK. 


Spine 2 Back Bone. — Hou the Head is ad ts 3 


—The Pelvis Principal Marks of Diſtinction E a 
Male and F. emale Skeleton. 


HE 8 of the trunk are divided: into 
thoſe of the ſpine or back-bone, the thorax 


or cheſt, and the pelvis. The ſpine conſiſts of 
twenty-four pieces of bone called vertebrae; ſeven 

of theſe belong to the neck, twelve to the back, and 

| five to the loins. The thorax conſiſts anteriorly 


and laterally of twelve ribs on each ſide of the ſter- 
num or breaſt-bone, and part of-the ſpine behind. 
The pelvis is compoſed of four bones; two oſſa 


innominata or hip- bones ; the os | facrum, yu the 


os coccygis. 


That ſeries of bones called the ſpine FACES 
a column larger below than above, ſmooth and 
round before, very rough and uneven behind, and 
hollow within. The bones of the ſpine are 


joined to each other by cartilages, in the centre of 


each of which is contained a fluid; a curious cir- 


cumſtance of ſtructure firſt diſcovered by the late 


Dr. Monro, of Edinburgh. The chief advantage 


of this ſtructure is, that this fluid, when confined, 


has all the reſiſtance of a ſolid body, without its 
hardneſs, which in this part might be attended with 
very bad conſequences, 


The 
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126 Motion of the Head. [Book IX. 


The head is connected to the upper vertebra of 
the neck by two ſmooth projections of that verte- 
bra, which are called condyls, being received into 
two correſponding cavities in the under part of the 
Tranium. By means of this joint we move the head 
backwards and forwards on the ſpine, or perform 
the action of nodding. As it is neceſſary, howe- 
ver, for the head to have alſo a rotatory motion, 
we here find a peculiarity of ſtructure to which 
there is nothing ſimilar in any other part of the 
body. In the upper ſurface of the ſecond vertebra 
of the neck there is a long tooth-like proceſs or 
projection, which is received into a perforation of 
the firſt vertebra. This proceſs is rendered ſmooth 
| by a covering of cartilage ; it paſſes quite through 
the vertebra above it, and is connected to this as 
well as to the cranium by ſtrong ligaments, which 
give ſtrength to the connection, and guard againſt 
the effects of a too extenſive motion. The rota- 
rory motions of the head, therefore, are not per- 
formed on the firſt vertebra of the neck, but on 
the ſecond ; the firſt vertebra, with the head, mov- 
ing on the tooth- like proceſs of the ſecond crane 
as a wheel moves on its nave. 

The ſpine, however, though it forms a/ column, 
does not form by any means an upright column. 
The ſpine, viewed ſideways, if the os facrum is 
conſidered as a continuation of it, is. bent very 
much in the form of the letter , In the neck it 
projects ſomewhat forwards, lower down it takes a 
curved direction backwards, to make room for the 
heart and lungs. In the loins it advances again 
forwards under the centre of gravity, ſo as to ſup- 
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Chap. 7.1 Uſes of the Spine. 127 
the abdominal viſcera; and in the pelvis it re- 
cedes backwards, ſo as aten, to een that 
cavity. 
Each vertebra, i 18 ee into a body ans 3 
projections, apophy ſes or proceſſes. The body is 

placed before, it is ſmooth, of a roundiſh form; and 
a remarkably. ſpongy texture. The proceſſes are 
of a much firmer. texture, and project backwards. 
Two of theſe proceſſes are called the ſuperior 
oblique, and aſcend obliquely from the upper part 
of the vertebra ; two are called the inferior oblique, 
and deſcend obliquely from the lower part; two 
are called the tranſverſe, and project ſideways; and 
one is called the ſpinous, frora its reſemblance to a 
thorn, which projects directly backwards. Of theſe 
proceſſes the ſpinous and tranſverſe are the moſt 
prominent. The oblique proceſſes ſeem chiefly de- 
ſigned for the articulation of the vertebræ with each 
other, and are therefore alſo called articular pro- 
ceſſes. All the vertebræ are perforated for the re- 
ception of the ſpinal marrow, and alſo have notches 
for the tranſmiſſion of nerves. 

The ules of the ſpine are to ſupport the body in 
an erect poſture, and at the ſame time, by che num- 
ber of joints with which it is furniſhed, to admit of 
a free motion, without danger of compreſſing the 
ſpinal marrow, which it is deſigned to protect. It 
is formed larger below than above, becauſe the 
lower parts of it have a greater weight to ſupport 
than the upper; and becauſe, when the body is bent, 
that weight acts with the longeſt lever againſt 
chat part of the ſpine which is fartheſt removed 
from i it. 


Eo > 
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In very young children, each vertebra conſiſts 


of three pieces of bone united by cartilage. As 


the ſpine contains ſo important a part as the ſpinal 
marrow, we obſerve a ſolicitous care taken by Pro- 
vidence, that the vertebræ ſhould not be disjointed, 
Beſides being connected by ftrong ligaments, pro- 


portioned to the forces which are to be reſiſted, the 


vertebræ of the neck enter into each other, thoſe 


of the back are propped by the ribs, and thoſe of 


the loins have ſo large a ſurface of contact, as to 
render their ſeparation almoſt impracticable. 
The thorax is a bony cavity, narrow above, wide 
below, and arched behind and at its ſides. | 
The ſternum or breaſt-bone, which forms the 
anterior part of the thorax, is of a ſpongy conſiſtence, 
and of a flat and nearly triangular form; in infancy 
it conſiſts of many parts, in the adult ſtate of only 
two, or ſometimes three. The upper part is broad 
and thick, the lower narrow and thin. The loweſt 
part of the ſternum, from its reſemblance to a dag- 
ger, and its cartilaginous nature, is called cartilago 
enſiformis. The upper part of this bone is notched 
for the paſſage of the wind-pipe, and there are two 
cavities in its ſides for the articulation of the cla- 


vicles or collar-bones. There are alſo ſeven ſmall 


holes on each ſide, for the articulation of ſeven ribs. 
Its uſes are to ſupport the ribs, to protect the lungs 
and heart, and to furniſh connection to a muſcular 


organ, which will be afterwards conſidered, 225 
the diaphragm. 


The ribs which conſtitute the greater part of the 


cavity of the thorax, are ſomewhat of a ſemicircular 
* they 90 from the ſpine towards the ſternum ; 
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they are not connected, however, to the vertebræ 


themſelves, but to the cartilagino-ligamentous ſub 
ſtance which connects the vertebræ to each other. 
At the poſterior part the rib has two proceſſes; one 


of theſe, by which it is connected between twe 


vertebræ, is called its head; another is articulated 


with the tranſverſe proceſs of the vertebræ imme- 
diately below, and is called its tuberoſity. Ad- 


vancing farther on this external ſurface, we obſerve 
on ot of the ribs another ſmaller tubercle, into 
which ligaments connecting the ribs to each other, 
and to the tranſverſe proceſſes of the vertebræ, and 
portions of the longiſſimus dorſi, are inſerted. Be- 
yond this the ribs make a conſiderable curve, ſome- 
times called their angle. The ribs then begin to 
become broad, and continue ſo to their anterior end, 
whereas near the ſpine they are nearly round. To 
the fore end of each rib a long broad and ſtrong 
cartilage is fixed, and reaches thence to the ſter- 
num, or is joined to the cartilage of the next rib. 
The ribs are twenty-four in number, twelve being 
placed on each fide. They are divided into the 
true and the falſe ribs; the ſeven uppermoſt on 
each ſide, which are connected to the ſternum, being 
called true, and the remaining five fa//e. 

The upper rib is ſo placed, that its connection 
with the ſternum is ſomewhat higher than that with 


the ſpine, and the two connections of the ſecond 


rib are about horizontal; all the other ribs, how- 
ever, point obliquely downwards, as they approach 
the ſternum, and this obliquity increaſes as we ad- 
vance lower. A+ neceſſary conſequence of this 


ſtructure 1 is, that when the ribs are raiſed, they muſt 
Vor. III. K | be 
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be as nearer to a right angle with the ſpine, and 
that the cavity of the cheſt muſt be enlarged. The 
upper rib is fixed, but the ſecond and every ſuc- 
ceeding rib is gradually more moveable than that 
placed immediately above it. 
The ſeven upper ribs, called the true ribs, are, 
as was before remarked, connected to the ſternum ; 
the three upper of the falſe ribs are not connected 
to the ſternum, but adhere to each other, and to 
the cartilaginous anterior part of the loweſt of the 
true ribs. The two loweſt of the falſe ribs are only 
connected to the ſpine by one articulation, and have 
their other end no otherwiſe ſupported than by 
the muſcles and membranes with which they are 
ſurrounded. By this ſtructure the trunk of the body 
is rendered more flexible at its lower part, where 
moſt motion is required. | 

The uſes of the ribs are to form the lateral parts 
of the thorax; to render the cavity of the thorax 
larger or ſmaller in breathing; to protect the viſcera 


of the thorax; to give origins and inſertions to a ä 


variety of muſcles; and to ſupport the mammæ or 
breaſts. 

The pelvis, fo called from its reſemblance to a 
baſin, conſtitutes the loweſt part af the trunk. Its 
poſterior part is formed by the os ſacrum, and 
its lateral and anterior n by the oſſa inno- 
. Minata, 

The os ſacrum may be 3 as 2 continua- 
tion of the ſpine ; and ſome anatomiſts have called 
both this bone and the os coccygis by the name of 
the falſe vertebrz, The os ſacrum is a large 
thick bone, of a triangular form; its broadeſt part & 

7 5 | | 3s 


Chap. 7.) Bones of the Hips, Sc. 134 
is placed uppermoſt, and its narroweſt is turned 
downwards and inwards. . The poſterior ſurface of 
this bone is convex, the anterior concave. The 
two lateral margins. of it are incruſted with 
cartilage, by the help of which it is immoveably 
connected with the oſſa innominata. In the middle 


of this bone there is a canal for the ſpinal marrow, 


correſponding with that in the vertebræ of the 
ſpine ; and on the anterior ſurface there are ten per- 
forations, for the paſſage of as many nerves. On 
the poſterior part there are many protuberances, 
which, like the proceſſes of the vertebræ, ſerve for 
the inſertion of muſcles. 


The os coccygis is a ſmall bone of a pointed 


ſhape, adhering to the lower part of the os ſacrum. 
The os coccygis is in infancy compoſed of ſeveral _ 


pieces of bone, which coaleſce, however, in the 
adult ſtate. It may be conſidered as a continuation 


of the os ſacrum, and is bent in the ſame direction 
with that bone. | 


The offa innominata, b form the ſides and 


fore part of the pelvis, are two large broad bones, 
which in infancy conſiſt each of them of three diſ- 
tinct pieces; but as we advance in life, the inter- 


mediate cartilages gradually oſſify, and the marks 
of the original ſeparation diſappear, ſo that they 


become one irregular bone. They ſtill, however, 


retain the names of ileum, iſchium, and pubis, T 


which their diviſions were originally diſtinguiſhed, 
and are deſcribed as three different bones, by the 
generality of anatomiſts. The offa innominata are 


connected poſteriorly to the os facrum, by a firm 


cartilaginous ſubſtance. 
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The os ileum or haunch- bone, forms the higheſt 
and moſt conſiderable. part of the os innominatum. 
The external ſide of the ileum is unequally convex, 
and is called its dorſum: the internal concave ſurface 
is by ſome authors named its coſta. The ſemicir- 
cular edge at the higheſt part of this bone, which 
is tipped, with cartilage in the recent ſubject, is 
named the ſpine. 
jections; one anterior, and the other poſterior, which 
is the larger of the two. Theſe ends of the ſpine 
being more prominent than the ſurface of the bone 
below them, are therefore called anterior and poſ- 
terior ſpinous proceſlcs. Below the anterior ſpi- 
nous. proceſs another protuberance projects, which 
by its ſituation may be diſtinguiſhed from the 
former, by adding the epithet of z#ferior, Between 
theſe two anterior proceſſes, the bone is hollowed. 
Below the poſterior ſpinal proceſs a ſecond pro- 
tuberance of the edge of this bone is alſo to be 
obſerved, which is cloſely applied to the os ſacrum. 


Under this laſt proceſs a conſiderable niche is ob- 


ſervable in the os ileum ; between the ſides of which 
and the ſtrong ligament which is ſtretched over 
from the os ſacrum to the ſharp-pointed proceſs of 
the os iſchium of the recent ſubject, a large hole is 


formed, through which the muſculus pyrifarmis, the 
great ſciatic nerve, and the poſterior crural veſſels, 
paſs, and are protected from compreſſion. The 
internal ſurface of the os ileum is concave in its 


broadeſt fore part, whence a ſmall ſinuoſity is con- 
tinued obliquely forwards, at the inſide of the ante- 
rior ſpinous proceſs. 
the os e and correſponds with a ſimilar pro- 
* 


This has two conſiderable pro- 


This ridge is continued from 


Se. 
30 
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minence, both of that bone and of the iſchium, and 
forms, with the inner part of the os pubis, what is 
called the brim of the POND: The poſterior and 
lower parts of the oſſa ileum are thick; but at their 
middle, where they are expoſed to the actions of 
feveral ſtrong muſcles, and to the preſſure of the 
abdominal viſcera, they are exceedingly thin and 
compact. 

The ofa iſchii or hip bones, form the lower and 
lateral parts of the pelvis : each is commonly divided 
into its body, tuberoſity and ramus. From the body 
of the iſchium the ſharp ſpinous proceſs ſtands out 
back wards, to which the anterior or internal ſa- 
croſciatic ligament is fixed. Between the upper part 
of the ligament and the bones, it was formerly ob- 
ſerved that the ſciatic nerve, &c. paſs out of the pelvis. 
The tuberoſity, or loweſt part of the iſchium, is large 
and irregular, affords an origin to ſeveral muſcles, 
and is the part on which the body reſts in the poſ- 
ture of ſitting. From the tuberoſity the bone 


becomes thinner and narrower ; and paſſing for- 


wards and upwards, concurs with the ramus of the 
os pubis, to form a large hole, called foramen mag- 
num iſchii, or chyroideum, This hole, which in the. 
recent ſubject 1 is cloſed with a ſtrong membrane, 
called the obturaror ligament, affords through 4 its 
whole circumference attachment to muſcles. 

The oſſa pubis conſtitute the anterior, or, when 
the body 1s erect, the lower part of the pelvis. They 
are of an irrregular form, and as well as the other 
parts of the offa innominata have a ſhare in form- 
ing the acetabulum. The two oſſa pubis are 
joined together by cartilage at the fore part of the 

1 pelvis, 
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The os ileum or haunch- bone, forms the higheſt 
and moſt conſiderable. part of the os innominatum. 
The external ſide of the ileum is unequally convex, 
and is called its dorſum: the internal concave ſurface 
is by ſome authors named its coſta. The ſemicir- 
cular edge at the higheſt part of this bone, which 
is tipped, with cartilage in the recent ſubject, is 
named the ſpine. This has two conſiderable pro- 
Jections; one anterior, and the other poſterior, which 
is the larger of the two. Theſe ends of the ſpine 
being more prominent than the ſurface of the bone 
below them, are therefore called anterior and poſ- 
terior ſpinous proceſſes. Below the anterior ſpi- 
nous procels another protuberance projects, which 
by its ſituation may be diſtinguiſhed from the 
former, by adding the epithet of inferior. Between 
theſe two anterior proceſſes, the bone is hollowed. 
Below the poſterior ſpinal proceſs a ſecond pro- 
tuberance of the edge of this bone is alſo to be 
obſerved, which is cloſely applied to the os ſacrum. 
Under this laſt proceſs a conſiderable niche is ob- 
ſervable in the os ileum ; between the ſides of which 
and the ſtrong ligament which is ſtretched over 
from the os ſacrum to the ſharp-pointed proceſs of 
the os iſchium of the recent ſubject, a large hole is 
formed, through which the muſculus pyrifarmis, the 
great ſciatic nerve, and the poſterior crural veſſels, 
paſs, and are protected from compreſſion. The 
internal ſurface of the os ileum is concave in its 
broadeſt fore part, whence a ſmall ſinuoſity is con- 
tinued obliquely forwards, at the inſide of the ante - 
rior ſpinous proceſs. This ridge is continued from 
the os ſacrum, and correſponds with a ſimilar pro- 
minence, 
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minence, both of that bone and of the ilchtum, and 
forms, with the inner part of the os pubis, what is 
called the brim of the . The poſterior and 
lower parts of the oſſa ileum are thick; but at their 
middle, where they are expoſed to the actions of 
ſeveral ſtrong muſcles, and to the preſſure of the 
abdominal viſcera, they are exceedingly thin and 
compact. 

The offa iſchii or hip bones, form the lower and 
lateral parts of the pelvis : each is commonly divided 
into its body, tuberoſity and ramus, From the body 
of the iſchium the ſharp ſpinous proceſs ſtands out 
back wards, to which the anterior or internal ſa- 
croſciatic ligament is fixed. Between the upper part 
of the en and the bones, it was formerly ob- 
ſerved that theſciatic nerve, &c. paſs out of the pelvis. 

Ihe tuberoſity, or loweſt part of the iſchium, is large 
and irregular, affords an origin to ſeveral muſcles, 
and is the part on which the body reſts in the poſ- 
ture of fitting. From the tuberoſity the bone 
becomes thinner and narrower; and paſſing for- 
wards and upwards, concurs with the ramus of the 

os pubis, to form a large hole; called foramen mag- 
num iſchii, or thyroideum, This hole, which in the 
recent ſubject is cloſed with a ſtrong membrane, 
called the obturaror ligament, affords through its 
whole circumference attachment to muſcles. - 

The ofla pubis conſtitute the anterior, or, when 
the body is erect, the lower part of the pelvis. They 
are of an irrregular form, and as well as the other 
parts of the offa innominata have a ſhare in form- 
ing the acetabulum. The two oſſa pubis are 
zoined ELIE by e at the fore part of the 

„„ pelvis, 


W 
y I 


I 2 
＋ 
* 
1 
* 7 
is » 
5. > 
J V 
* 1 
I | 
Vc 
- 
1 * 
1 bs 
FL & 
wal 
; * 
7 | 4 
"890 
i 4 
f * ; 
5 © 
4 C 
bs 
; 7 
1 * 
* 43 A 
4% 
aq * 
"SB 
8-5 F 
* = 
1 
\T 45 
7 
.* 1 4 
VF 
+3 q 
+ 4 
"XX In 
Wm 2: 
WE 
1 ». 
h 4 
x 41 Be 
bf 0 
. 
„ 85 5 * 
KH 3 
1 
1 
1 9 
9 = . 
9 5 
1 54 * 
1 
(5 
178 
. Ly 
K - * 
* 4 ? N f 
= 
1 
3 WY 
+4 WY 
£8 1 
KL 
(8 * ki 
1 
EEE 
** 2 % 
1 
3 
way 
, : 
_ 
A be" 
i 
= 2% 
1 
; 1 © 
= WY 
VA b $ 
7 * 
E 
1 * £ 
"8 HR 
* 1 0 
"3&8. 
1 * 
1 
2 
{3 307 
HS 
\ 
= 
* 7 hs 
I 
it 7 
ms 


134 Principal differences between [Book 1X, 


pelvis, which is called the ſymphyſis pubis. In 
each os pubis we may obſerve the body of the 
bone, its angle, and ramus. The body or outer 
part is united to the os ileum ; the angle comes for- 
wards to form the ſymphyſis, and the ramus is a 
thin proceſs which unites with the ramus of the 
iſchium to form the foramen thyroideum. 

The acetabulum, or ſocket of the thigh bone, 
which is partly formed by all the three bones which 
conſtitute the oſſa innominata, is placed at the un- 
der part of the pelvis, and is turned obliquely out- 
wards. The acetabulum is not a perfect circle in 
the ſkeleton, the under part being et apa in the 
recent ſubject by cartilage. | 

The os pubis conſtitutes about one-fifth of the 
acetabalum, the os ileum makes ſomething leſs 
than two-fifths, and the os iſchium as much more 
than two-fifths. 

The pelvis has two openings, one above and one 
below; that above, when we ſtand in the ereq 
poſture, pointing nearly directly forwards, that be- 
low, nearly directly backwards. 

The chief differences between the male and fe- 
male ſkeletons are in the proportions of the bones 
of the pelvis. The cavity of the male pelvis is an 
irregular circle; that of the female is much larger, 
and of an oblong ſhape ; the longeſt diameter being 
from ſide to fide: and the Wert from the os ſa- 
crum to the oſſa pubis. Hence women are much 
wider acroſs the hips, in proportion to their height, 
than men. The os ſacrum is broader, and turned 
more backwards for enlarging the pelvis. The os 
coccygis is more moveable, and much leſs bent 
forwards, to facilitate delivery, In conſequence of 

| e 
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the pelvis being wider in women, the articulations 
of their thigh-bones muſt be farther removed from 
each other, which gives them, a different gait from 
men in running, as they muſt throw the weight of 
their bodies further from ſide to fide in order to 
bring it over the centre of gravity. The bones in 
general are much finer and leſs robuſt in the female 
than in the male ſkeleton, and the collar-bones are 
leſs curved. The offification of fome of the bones 
is alſo in women leſs complete. 

The principal uſes of the pelvis are to FEE an 
ak between the trunk of the body and the lower 
extremities ; to contain and protect the urinary 
bladder, the lower part of the inteſtinal canal, 
GE > Hin 
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THE BONES OF THE INFERIOR EXTREMITY. 


The Os Femoris.—Bones of ie hs g. Leg—The Foot. 


HE bones of the lower extremities are di- 
vided into the thigh-bone, the bones of the 
leg, and the bones of the foot. 

The os femoris, or thigh- bone, is the longeſt bone 
in the body, and is the largeſt, thickeſt, and ſtrongeft 
of the cylindrical bones. The lower extremities 
are connected to the trunk by the head of the os 
femoris beu:g received into the acetabulum. The 
thighn-bone 1s not placed in a perpendicular di- 
rection, the upper ends of the thigh-bones being 
much further apart than the lower; and from the 
greater width of the pelvis in women, this difference 
is much more remarkable in them than in men. The 
body of this bone 1s ſomewhat of a triangular form; 
it is convex before and flat behind, and is marked 
particularly behind by bony ridges, which ſerve for 
the connection of muſcles. This bone is perforated 
at one or two places for the reception of blood- 
veſſels. | 

The os femoris is not a ſtrait bone, but Is. 
arched conſiderably forwards. Its head is turned 
inwards, and the neck is almoſt horizontal, con- 

ſidered 
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ſidered with reſpect to its ſituation with the body of 
the bone. Throughout two thirds of the length of 


the thigh-bone, at its poſterior part, we obſerve a 


ridge called the linea aſpera, which originates from 
the trochanters, and after running ſome way, di- 
yides into two imaller e which terminate at 
the condyls. 

The head of the os femoris is nearly round, 


and is marked in the centre with a round pit, 


into which a ligament, which ſerved to keep it 


fixed in the ſocket, was inſerted. The neck is 


narrower above and thicker below, and is termi- 
nated by a ridge, to which the capſular ligament of 
the joint was attached. Below: this ridge are two 
remarkable proceſſes called the trochanters. The 
larger of the, trochanters is directed outwards, and 
is placed at the outer ſide of the thigh-bone ; the 
other is placed behind, but points inwards. The 
ſurfaces of both the trochanters are very rough, for 


the infertion of muſcles. From the muſcles in- 


ſerted into theſe two proceſſes being the principal 
inſtruments of the rotatory motions of the thigh, 
they are called trochanters. 

The lower extremity of the- thigh-bone i is chick; 
and terminates in two condyls *, which are very 
cloſe to each other before, but conſiderably removed 


behind, where there is formed a ſafe canal, through 


which a large artery paſſes to arrive at the leg. 
Behind are alſo two cavities which receive ligaments 
croſſing each other for ſtrengthening the connection 


of the os femoris with the larger bone of the leg. 


Buy the word condy/ is meant the large extremity of a 
bone, reſembling the knob. of a clubbed ſtick, 


6 The 


Li 


r 


— - 
rr 
+» wi Vas 


5 <<. 4. 7 - þ rhe; 9 * 
p | * 2 
+ 


* 
1 P 
* 4 
A 7 
» 1 
, 
1 "I 
a 
1 
? : 
* . 
«31 - $; 
=) / 
2 
*** 
1 - 
F 
N 
. 
1. * 
1 
1 
1 * 7 
7 . 
+ 
; 5 
65 
, 
4 
>.” 
1 
# 
* 
1 * 
5 : 1 
1 
4 
1 
14 
» 
© 19 
Y p — 
4 
y Y N 
: 5 
2 , 
A 
. 
1 
£ FX 
.S 
* 
$1 > 
! 
; : 
a 
= 
f 
33 
N 
: 5 
q LY 
: 75 
[39 I 
0 
* 
I, 
+ 01 
4 1 
. % 
1 
3 
. 
* 
1 
> 1 
_ 
1 
or 3 * 
ol Y 
* 8.9 
Þ 
X © 
4 oh 4 
* 
$ * 
7 4 o _ 2 
x ms. 
N - 
4 04.5 
5 £ * 
7 42 
BY * 
-4 > _ 
3 
I 
* bs 
, 
1 83 
2 
BY 
1 1 
11 
88 
Rr” : 
* ta 
" 87 7 
"> 1 
BY 
o * 2» 
3 
+ *IE 
* I. * 
:* WE 
y s . 
© 0 
FSA 
W © 
vw, BL 
- > 
* + . b . 
= 
5 
*. 9 
8 * 
1 
t 2. 
4 4 
Ty | 
Th 4. 
AX . 
F * 
E 
3 
wW 1 
1 
1 
* 
* 1 
14 
1 
12 
! 
. 
i F 
i 
A 
1 
3 
, 1 
1 


A 


136 Bones of the Leg, [Book IX. 


The os femoris is united to the trunk by that kind 


of joint which admits of motion in all directions; 
but here this motion is in ſome directions much 
limited by the capſular ligament of the joint. The 


fabſtance of rhis bone, as of all the cylindrical 


bones, is firm in the middle, and ſpongy towatcs the 


extremities. 

The leg has three bis; the tibia, the 8 
the patella. The tibia, which is the principal bone 
of the leg, is a cylindrical bone of a triangular 
form, larger above than below. The upper end 


of the tibia is large, bulbous, and ſpongy, and is 


divided into two cavities by a rough irregular pro- 
tuberance, which is hollow at its moſt prominent 
Pait, as well before as behind. The two broad 
cavities at the fide of this protuberance are not 
equal ; for the internal is oblong and deep, for re- 
ceiving the internal condyl of the os femoris ; while 
the external is more ſuperficial and rounder, for the 


external condyl, The circumference of theſe 


cavities is rough and unequal, for the firm connec- 
tion of the hgaments of the joint. In this manner 


is formed a hinge or joint, which admits of motion 


in only two directions. At the back part of this 
bone the ſame canal is continued between the con- 
dyls, for tranſmitting blood-veſſels and nerves, as 
in the os femoris; and there are two eminences 
for the inſertion of the other ends of the crucial 
ligaments. At the anterior part of this bone is a 


cavity for the reception of the patella, which cor- 


reſponds with one between the condyls of the os 
femoris, Below the external edge of the upper 


2 5 of the tibia is a flat ſurface 'of cartilage, for 
the 
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Chap. 8.) Ankle Bones, Sc. 139 
the connection of the fibula; and at its lower end there 


is a longitudinal cavity on the outſide, for receiving 
the lower part of the ſame bone. On the internal 
part of the bottom of the tibia is a proceſs, which 
forms the inner malleolus or ankle-bone. Still 


lower, at the extremity of the tibia, is a tranſverſe 


articulating cavity, covered with cartilage, and 
divided by a ridge, which receives à bone of the 
foot called the aftragalus. The body of the tibia 
has three angles, and as many flat ſurfaces. One 
of the flat ſurfaces is turned directly backwards, 
and one of the angles is placed directly at the fore- 
part of the bone, and is that ſharp ridge which is 
felt by the finger, being only covered by the com- 
mon integuments of the body. Another angle is 
called the poſterior and internal, and terminates in 
the inner ankle-bone ; and the third is called the 
poſterior and external angle, and gives connection 


to the interoſſeous ligament, which paſſes from this 


bone to the fibula. | 

The fibula, which is nearly oppoſed to the laſt- 
mentioned angle of the tibia, is a triangular and 
very thin bone, nearly as long as the tibia. Ita 
ſuperior extremity is united to the head of the tibia 
by means of cartilage. Its head does not riſe quite 
ſo high as that of the tibia, and has therefore no 
connection with the os femoris; its lower extremity 
is ſlightly connected to the aſtragalus, and forms 
the external ankle. Its chief uſes are to afford 
room for the connection of muſcles, to extend the 


interoſſeous ligament, and to give greater firmneſs 


to the connection of the tibia with the foot. 
| The 
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Knee Pan, &c. [Book IX. 
- The patela, rotula, or knee-pan, is a ſmall flat 
bone of a ſomewhat triangular form, which is 
placed at the fore part of the leg, where the tibia 
is connected with the os femoris. The anterior 
convex ſurface of the patella is pierced by a great 
number of holes, into which enter fibres of the 
ſtrong ligament which is ſpread over it. Behind, its 
Aut ee is ſmooth, covered with cartilage, and di- 


140 


vided by a middle convex ridge into two cavities, 


both of which are exactly adapted to the pulley of 
the os femoris. The ſubſtance of the patella is 


cellular, but the cells are ſo ſmall that it is a very 


firong bone. Its uſes are to protect the joint, and 
to anſwer the purpoſe of a nene muſcles 
which extend the leg. | 
The foot is compoſed of the bones of the tarſus, 
metatarſus, and toes. It is convex above, concave 
below, and has a conſiderable projection behind. 
The tarſus, which is connected with the bones of 


the leg, conſiſts of ſeven pieces of bone, the aſtra- 


galus, the os calcis, the os naviculare, the os cuboi- 


deum, and the three oſſa cuneiformia. The aſtra- 


galus occupies the poſterior and upper part of the 
foot, and is the bone on which the bones of the leg 
immediately depend for ſupport. The os calcis 
forms the projection of the heel; it is of a very 


regular form, and is divided into the body, which 


points backwards, and an anterior proceſs by 
which 1t is connected with the aſtragalus and the os 
cuboideum. The os naviculare is placed before 


the aſtragalus, and towards the inſide of the foot; it 
derives its name from its ſuppoſed reſemblance to a 


boat, The os cuboideum is placed before the os 
calcis, 
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Chap. 8. Bones of the Foot, 1 _ 141 


calcis, and towards" the ourfide of che foot. The 
three oſſa cuneiformia are placed before the os na- 
viculare, near to each other, and are ſo called from 
their appearing like wedges driven in among the 
other bones of the foot. The ſubſtance of the oſſa 
tarſi is ſpongy, and they are ſo connected together 
by cartilage as not to admit of much motion upon 
each other. FL = 

The metatarſus conſiſts of five cylindrical pieces 
of bone, interpoſed between the tarſus and the 
bones of the toes. Their upper ſurface is convex, 
their lower ſurface concave ; ; their poſterior extre- 
mity is concave where they are connected with 
the tarſus, and their anterior extremity is furniſhed 


with condyls, by which they are faſtened to the 


bones of the toes. 


The bones of the toes are nn to thoſe of 
the metatarſus. The great toe has only two joints, 
the reſt three, and in this reſpect they reſemble the 
fingers and the thumb. There are ſometimes 
found ſmall bones, which are called oſſa ſefamoi- 
dea; theſe chiefly occur between the firſt and ſe- 


cond joints of the great toe and thumb, and as they 


anſwer the ſame purpoſes, viz. that of removing 
the tendon further from the axis of motion, may be 
conſidered as ſmall patelle. They are almoſt ex- 
clufively found in perſons advanced in life and 
inured to hard labour, and therefore are by ſome 
ſuppoſed to owe their origin to friction. 
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"THE BONES OF THE SUPERIOR EXTREMITY; 
' WITH A BRIEF COMPARISON OF THE HU. 
MAN SKELETON WITH THAT OF BRUTES. 


Bones of the Humerus,—Os Bracebii.— Antibracebium. — Bones of 
the Hand.—Reſemblance between the ſuperior and inferior Ex. 


fremities —— between the Human Skeleton and that 7 
* 


H E ſuperior extremity is divided into the 

humerus or ſhoulder ; the brachium or arm; 
the antibrachium or fore-arm ; and the manus or 
hand. 

The humerus is compoſed of two bones, the ſca- 
pula or ſnhoulder- blade, and the clavicula or collar- 
bone. The point where theſe two bones unite is 
the top of the ſhoulder. The ſcapula is a flat thin 
bone of a triangular ſhape. It is ſituated at the 
upper part of the back, and extends from the firſt 
to about the ſeventh rib. One of the ſurfaces of the 
ſcapula, which is concave, is applied to the trunk 
of the body ; ; the other, which is convex, and more 
une ven, is turned outwards ; ſo that the form of the 
bone may be plainly diſcerned in the living perſon. 
The external ſurface is divided by a projecting ridge 
of bone, called the ſpine of the ſcapula, into two 
parts, the upper of which is much narrower and 
ſmaller than the lower. The ſcapula has three an- 


gles, 


Chap. g. * Shoulder blade, c. 143 
gles, and three ſides or margins. With reſpect to 
the margins, that which is placed next the ſpine is 
by far the longeſt, and is therefore ſometimes called 
the baſe of the ſcapula; that which forms the upper 
part of the bone is nearly horizontal, and is paral- 
lel to the ſecond rib, and is the ſhorteſt and thinneſt; 
the remaining margin, which deſcends nean. 
from the point of the ſhoulder to the inferior angle, 
is by far the thickeſt and ſtrongeſt, \ 
The proceſſes of this bone are the coracoid, ſo 
called from its reſemblance to a crow's beak, which 
riſes from the anterior part of the ſuperior margin 
of the ſcapula; and the acromion, which is a broad 
and flat proceſs of the ſpine, placed at the top of the 
ſhoulder, and is the whole thick bulbous fore part of 
the bone. Near the fore part of the ſuperior mar- 
gin is a ſemilunar niche, from one end of which to. 
the other a ligament is ſtretched ; and ſometimes 
the bone is continued to form one or two holes for 
the paſſage of the ſcapular blood - veſſels and nerves, 
From the niche to the termination of the foſſa (in 
which a muſcle called the teres major is attached) 


the ſcapula is narrower than any where elſe, and 


this part has therefore been called its neck. 

The cavities of the ſcapula are the glenoid ca- 
vity, wider below than above, and covered with 
cartilage for the reception of the bone of the arm; 
and ſeveral ſmaller cavities for the connexion of 
muſcles, and other uſes. 

The texture of the ſcapula is " ca but the bone 
is ſo thin as at moſt places to be tranſparent, Is 
is connected by a ball and ſocket to the bone of 
the am; by che intervention of cartilage to the, 
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clavicle; and with the head, the os hyoides, the 
ſternum, the ribs, and the back-bone, by means of 
muſcles. Its uſes are for the articulation of the 
arm- bone, for the inſertion of a great number of 
muſcles, to add force and extenſiveneſs to the mo- 
tions of the arm, and to be a defence to the * 
part of the trunk. 

The clavicula, clavicle, or collar- bone, i is a \ cylin- 
drical bone, placed almoſt horizontally between the 
fide of the ſternum and the acromion of the ſcapula. 
Its figure is ſomewhat like that of the letter /; and 
it beeeivecr its name from a ſuppoſed reſemblance 
to the key uſed among the ancients. The clavicle, 
as well as other long cylindrical bones, is larger at 
its ends than at its middle. The end next the 
ſternum is triangular : the angle behind is conſider- 
ably protruded, to form a ſharp ridge, to which the 
tranſverſe ligament, extended from one clavicle to 
the other, is fixed. It is for the moſt part convex 
without, and concave within. One end of the cla- 
vicle is connected by a ball and ſocket with the 
ſternum, and the other by cartilage to the acromion 
of the ſcapula. ' Its uſes are to ſupport the ſhoulder 
and other parts of the ſuperior extremity, to pro- 
rect ſome large veſſels in their paſſage to the arm, 
and to connect the ſcapula to the thorax. | 
The os brachii, or as it is ſometimes called the 
os humeri, is a cylindrical bone, the round head of 
which is received into the glenoid cavity of the 
ſcapula. It is larger and rounder at its upper part, 
and ſmaller and flatter below. It has three pro- 
jecting lines, and as many flat ſurfaces, by which 
form it admits of a more advantageous and exten- | 

| | tive 


Chap. 9.1 Bones of the Arn. 145 
hve conhexion of muſcles, than if it had been a 
ſimple cylinder, which is not to be found in any 
bone of the body, though all the long bones ap- 


proach to it. This bone has many circumſtances 


of ſtructure in common with the os femoris. Like 


that bone it is articulated by a round head, which 


is ſurrounded by a capſular ligament, and, like it, has 
proceſſes for the connexion of muſcles ; but theſe 
proceſſes are much leſs remarkable in the os hu- 
meri than in the os femoris. At the lower extremity 
of this bone we obſerve ſeveral proceſſes and ca- 
vities. The moſt remarkable proceſſes are the two 
condyls ; of theſe the external is the ſmalleſt, and 
is of an irregular oblong ſhape. The internal is 
more protuberant, and beg as well as the former; 
to give origin to many muſcles. Between theſe two 
condyls are two lateral protuberances, which, toge- 
ther with a middle cavity, form a kind of pully, on 
which the motions of the fore-arm are chiefly per- 
formed. 

The antibrachium, or fore-arm, conſiſts of two 
bones, the ulna and the radius. The ulna, which 
zs the longer of the two bones, and is that by which 
the fore-arm is chiefly connected with the arm, is 
large above and ſmall below, and is of an irregular 
cylindrical form. At the ſuperior extremity of the 
ulna there are two proceſſes, a larger one called the 
dlecranon, placed poſteriorly, and a ſmaller, called the 
roronoid, at the anterior part. At the upper end of 
the ulna, between theſe proceſſes, 1s a cavity divided 


by a projecting line, and covered with ſmooth car- 


tilage, for the reception of the correſponding pro- 
jections of the os humeri, There is oe cavity 
Vor. III. | L at 
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at the fide of the coronoid proceſs, covered with car- 
tilage, on which the ſuperior end of the radius rolls 


- extremity of the ulna, which is much ſmaller than 


| {mall proceſs called the ſtyloid, which forms a projec- 
joint, to the os humeri, laterally to the radius, and 


ſize, and appearance, with the ulna. As the larger 


done being oppoſed to the larger of the other, and 
depending on it for ſupport and firmneſs. The 


their middle parts recede from each other, with 
the interpoſition of an interoſſeous ligament, ſimi- 
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in ſome of the motions of the hand. At the lower 
the upper, is a head with a ſlight excayation, and a 


tion at the lower end of the fore-arm, on the ſame 
fide with the little finger, not unlike the ankles. 
The ulna is firmly connected above, by a hinge 


lightly below to the carpus, and its articulations 
are every where firmly ſecured with ligaments. 
The radius is a bone of nearly the ſame form, 


end of the ulna is firmly connected with the os hu- 
meri, ſo that of the radius is connected to the car- 
pus. On the contrary, the connections of the ulna 
with the carpus, and of the radius with the os humeri, 
are very inconſiderable; the ſmaller end of the one 


ends of theſe two bones are cloſely joined together; 


lar to that between the tibia and fibula. At the 
upper end of the radius is a ſmall cavity, which 
recewes the outer protuberance of the os humeri, 
and the projecting ridge ſurrounding this cavity 
rolls in a {mall ſinus at the upper end of the ulna, in 
which ſituation it is held by a ring ot, cartilage. At 
the bottom of the radius there is alſo a ſimilar ſinus, 
which receives the lower end of the ulna. The 
radius is therefore joined to the ulna by a double 


2 | articulation ; 
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articulation; for, above, a tubercle of the radius plays 
in a ſocket of the ulna, whilſt below, the radius 
affords the ſocket and the ulna the tubercle. The 
motion, however, performed in theſe two is very 
different; for, at the upper end, the radius does no 
more than turn round its axis, while, at the lower 


end, it moves in a ſort of cycloid upon the round 
part of the ulna; and as the hand is here articu- 


lated and firmly connected to the radius, they muſt 
move together. The ulna, being connected by a 
hinge- joint to the os brachii, has ſcarcely any other 
motion than that of flexion and extenſion, in which 
it carries with it the radius. The motions of the 
hand, in which the palm is turned either upwards 
or downwards, are performed by thoſe of the ra- 
dius on the ulna, carrying with it the hand. From 
theſe circumſtances it appears, that the ulna more 
particularly belongs to the os humeri, and the ra- 
dius to the carpus. The ulna ſometimes carries 
with it the radius, but the radius never moves the 
ulna, which, like the tibia is connected by a hinge- 
joint, and has motion only in two directions. The 
radius is ſo intimately connected with the hand, and 
is ſo much employed in its principal motions, that 
it. has been called manubrium manus, or the handle 
of the hand. Without this peculiar mechaniſm, 
the motions of the fore-arm would be as confined 
as thoſe of the leg; but providence, which has pre- 
ferred the more firm and ſecure ſtructure in a part 
which was deſtined to ſupport the body, has 
adapted the fore-arm, by this beautiful and admi- 
rable contrivance, for the performance of a _—_— 
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143 Bones of the Hand. [Book IX. 
of motions, with which a hinge joint would be 
quite incompatible. 

The bones of the hand are divided into >thoſs of | 
the carpus, metacarpus, and fingers. The carpus 
or wriſt is formed of eight bones, which are ſmall, 
of irregular ſhapes, and diſtinguiſhed into two ſeries. 
The form of the carpus is ſquare; that ſurface, which 


is contiguous to the palm of the hand, is concave, 


the oppoſite 1s convex. Each of the two ſeries of 
bones, which compoſe the carpus, conſiſts of four 
pieces. The firſt ſeries, or that which is placed next 
the bones of the fore-arm, conſiſts of the os navi- 
culare, the os ſemilunare, the os cuneiforme, and the 
os piſiforme. The bones, which form the other 
ſeries, are the os multangulum majus, the os mul- 


tangulum minus, the os capitatum, and the os cunei- 


forme. Theſe bones are covered with cartilage, 
and are variouſly articulated with the bones with 
which they are in contact. The principal uſe of 
ſo great a number of bones in the wriſt is to render 
the hand more flexible. The back part of the 


hand is convex, for greater firmneſs and ſtrength; 


the palm concave, for containing more ſurely and 
conveniently ſuch bodies as we take hold of. The 
upper part of the hand has an obſcure motion in 
compariſon with the remainder, and ſerves as a baſe 
to the fingers. 
With reſpect to the metacarpal dom and thoſe 
of the fingers, they are ſo nearly ſimilar to thoſe 


of the metatarſus and toes, that nothing need be 


added concerning them. 


The reader muſt undoubtedly lions been arvck 
with the great reſemblance of ſtructure between 


the 
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the inferior and ſuperior extremities. The os hu- 
meri has many points of reſemblance to the os fe- 
moris, the tibia and fibula to the radius and ulna, 
and the bones of the carpus, metacarpus, and fin- 
gers to thoſe of the tarſus, metatarſus, and toes. 
Before the anatomy of the bones, however, is 
concluded, it will be proper to make a few general 
remarks on the ſkeleton of quadrupeds. 

In quadrupeds we obſerve the ſame general out- 
lines of ſtructure in the oſſeous ſyſtem as in man. 
Their ſkeletons divide themſelves into head, trunk, 
and extremities ; and each of theſe diviſions bears 
a ſtriking reſemblance to the ſame diviſion in the 
ſkeleton of the human body. The cavity of the 
cranium is much ſmaller in quadrupeds than in 
man, in proportion to the other parts, but the 
bones of the face are much longer; and with reſpect 
to this circumſtance, as well as many others, the 
monkey holds a middle place between mankind 
and quadrupeds. _ 

The ſpine, as in man, is connected to the cra- 
nium; but in quadrupeds this bony column, in- 
ſtead of being placed vertically, is placed hori- 
zontally; in both, however, the ſtructure is the 


ſame, and the part is ſubſervient to the ſame pur- 
poſes. The other parts of the trunk are alſo very 
ſimilar to the ſame parts in man; and the form 
and relative ſituation of the ſternum and ribs are 
nearly the ſame, but the latter are more numerous 
in quadrupeds. The ſame reſemblance is mani- 
feſted in the bones of the pelvis, except that the os 
coccygis is continued beyond the other parts of the 
body, and forms the tail. The upper part of both 

e extre- 
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extremities, as in man, is formed of one piece of 
bone, the lower part of two, and in many quadru- 
peds there are bones which correſpond with the 
carpus and tarſus, the fingers and the toes. The 
clavicula or collar-bone is in general, however, 
wanting in quadrupeds, and is only found in mon- 
keys, ſquirrels, and ſorye other animals, which are 
{kilful in climbing, and which employ their fore legs 
for other purpoſes than that of travelling. In ſhort, 
the ſkeleton of the quadruped is ſo ſimilar to that of 
man, .that when the ſkeleton of the former is placed 
erect on the hind-legs, it may eaſily, by perſons unac- 
quainted with anatomy, be miſtaken for that of the 
latter. 
The figure in Plate II. repreſents a front view 
of the eee ſkeleton, with ſome of the ligaments 
and cartilages, which connect the bones to each 
other, 
F and NECK. 


2, Os frontis. 
3, Os parietale. 


Between a and 6, part of the coronal ſuture, 
c, The pars ſquamoſa of the temporal bone. 
Between 6 and c, the ſquamous ſuture. 
Below the pars ſquamoſa, the zygoma; and, 
lower down, above 7, the maſtoid proceſs. 
Between the pars ſquamoſa and the cavity, which 
contains the eye-ball, called the orbit, the tem- 
| poral proceſs of the ſphenoid bone is ſeen, 
d, Os male, | 
Above 4, a portion of the tranſverſe ſis. : 
e, Os maxillare ſuperius, with the 3 teeth of the 
right ſide. | 
08 
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The naſal proceſs of the ſuperior maxillary bone 

has the os naſi joined, by the lateral naſal ſu- 

ture, to its inſide ; and at the outſide, within 
the orbit, the os unguis. 

The oſſa naſi joined to each other before, by the 
anterior naſal ſuture. 

„, Os maxillare inferius with ſixteen teeth ; the four 

anterior named inciſores, the two corner ones 

canini, and the five poſterior on each ſide 
molares. 

Oppoſite to /, the angle of the lower? jaw; above 
7, the condyloid proceſs, by which the jaw is 
connected to the temporal bone, at the root 

of the zygoma ; and behind the os man, wy 
coronoid proceſs, 
g: The ſeven cervical vertebræ, with their interme- 
diate cartilages. 
Oppoſite to , their tranſverſe proceſſes. 


| TRUNK, 
4, Sternum. 

a, its middle piece, to which one half of the carti- 
lage that connects the ſecond rib, the whole of 
the cartilages of the third, fourth, fifth, ſixth, 
and one half of the ſeventh, are fixed. 

Above a, the firſt or upper triangular piece, to 
which the clavicle and one half of the cartilage 
that connects the ſecond rib are fixed. 

Below a, the extremity, or third piece of the 
ſternum, named the cartilago enſiformis, to 
which one half of the cures that connects 

| the ſeventh rib is fixed. 
6, The ſeventh, or r laſt true rib, 
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r, The twelfth, or laſt of the five falſe ribs. 
d, The five lumber vertebræ, with their intermedi- 
ate cartilages. F 
' Oppoſite to 4 their tranſverſe b | 
e, The os ſacrum, with its five diviſions, 


7. Os i enam, divided! into 


g Os ilium, ge 5 
b, Os pubis, . . 
i, Os iſchium, re 
Oppoſite to ij the foramen chyroideum, 


$vrzxion Exrarutry. 


a, The claviclefixed befbre, to the firſt piece of | 
the ſternum, and outwards to the acromion of L 
The e For 

> Above b, te cervix of the ſcapula. 

Foppel to it, the inferior coſta; and below the 

outward extremity of the clavicle, the ſuperior 
coſta, and coracoid Proceſs, are ſeen. 

c, the os humeri. | 

The upper end of it, which is connected to the 
cavity of the ſcapula, named the glenoid, below 
the acromion, is named its head or ball; on 
each ſide of which is ſeen the tubercles, named 
the external and internal; and between theſe, 
a groove for lodging the long head of the biceps 
flexor cubiti. | 

d, The internal condyle. 

e, The external condyle. 

Between 4 and e, the rrochlea, e which the 

Oy moves. 

1 The radius. 
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Chap. 9.] Deſcription of the Plates. 153 
The upper end, which moves on the external 
condyle of the os humeri, is named its head; 
below that, the tubercle for the inſertion of 
the biceps flexor cubiti, and between theſe the 
cervix. | 
The inferior end of it 1s connected to the 58 
g, Ulna. | 
The upper end of it forms the coronoid proceſs, 
for the inſertion of the brachialis muſcle. 5 
The inferior end has a proceſs named the ſtyloid, 
which is eee to the . by a liga- 
meant. > 
þ, The carpus, formed of eight bones. 
i, Metacarpal bone of the thumb. . 
k, The metacarpal bones of the four fingers. 5 
7, The two joints of the thumb. . 
m, The three joints or phalanges of the fore-finger ; 4 
and the ſame are ſeen 1 in . of the other 
three. 
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2, Os femoris. 

The upper end of it is named its head or ball, 
which is lodged in a deep ſocket of the os in- 
nominatum, named the acetabulum. | 

Between the head and trochanter major, the 
cervix. 

2, Trochanter major. 
c, Trochanter minor. 
4d, Internal condyle. 
e, External condyle. 
7, Patella. | 

The place where it moves upon the os s femoris, 
is named the trochlea, | 
$, Tibia, 
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E, Malleolus externus. 


7 Os innomina 
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154 Deſcription of the Plates. [Book Ix, 
Between the tibia and the condyles of the os fe- 


moris, the ſemilunar cartilages are ſeen ; and 
below the Joint, the Wetter the tibia. 


5, Fibula. 8 
25 ; 
ji, Malleolus internus. ' Jy | 


; 
drab 10% 4 
a #7 F 


V Os calcis, 1 * 
* and n, the otheriix bones of the tary 


ſus, 


m, Metatarſal bones of PE four toes.” 


u, The three joints, or phalanges, of the | four toes, 
o, Metatarſal bone of the great toe. 
f> The two joints of the great toe. 


1 ; 


The figure in plate III. repreſents a back view 
I the human ſkeleton, with ſome of the ligaments 


and cartilages which connett the bones, 


HAD and Nzck.__ FS | 
4, Os parietale, joined to its fellow 2 thes Ede | 
ſuture, | 
2, The os occipitis, joined to the paticral banks by 
the lambdoid ſuture, which is between à and þ. 


r, Os malæ. 


d, Maxilla inferior, with a view of the terth of 
both jaws from behind. 


Lo The ſeven cervical vertibræ. 


| TRUNK. 
4. The ſeventh or laſt true rib. 
b, The twelfth or laſt rib. 


, The five lumbar vertebræ, 


d,. Os facrum, | 
e, Os coccygis,. 0 | 2 
m, aide Fi” 
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2, Os ilium. 
b, Os pubis. 
i, Os iſchium, 
SUPERIOR EXTREMITY. | 
a, The clavicle, joined outwards to the acromion 
of the ſcapula. | 
3, The ſcapula. _ 
c, Os humeri. . 
d, Internal condyle. | 
e, External condyle, - 
7, Radius, 
g, Ulna, its upper end, wade} olecranon ; and near 
the wriſt, its ſtyloid proceſs. 
5, The eight bones of the carpus. 
i, The metatarſal bone of the thumb. 
k, The metatarſal bones of the four fingers, 
I, The two joints of the thumb, 


m, The three joints or phalanges of the four fingers, | 


INFERIOR ExT REMITY, 


a, Os femoris. 

b, Trochanter major, and at hs infide of 1 i the 
cervix. | 

c, Trochanter minor. 

d, Internal condyle. 

e, External condyle, 

J, Tibia. 

g, Fibula, 

2, Malleolus internus. 

i, Malleolus externus. 

k, The ſeven bones of the tarſus. 

„ The metatarſus. 

m, The joints or Phalanges of the toes, 


255 2 * 
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Cunan, 


[ 166 1 [Bookix. 


En © 
' STRUCTURE OF THE MUSCLES, 


General Deſcription of Muſcles, Obſervations of the Abbe Fen- 
tana. O Lewenhork, — Muſcles compoſed of fall Fibres. 
Structure of different Muſcles. One —-Mufcles of the 


Faerus., 


HE bones, conſidered with relation to the 
motions of the body, are merely levers ; let 
us now conſider the ſtructure of the muſcles, which 
are the immediate ſources of all the motions of the 
animal machine. 
The animal ſubſtance, which the nent calls 
muſcle, is that which in common language paſſes 
under the name of the lean or fleſh of meat. The 
colour of the muſcles, when they are firſt removed 
from the body, is red; this colour, however, is not 
eſſential to them, but is merely owing to the pre- 
ſence of blood, for when mufcle is cleanſed from 
blood, it appears white. In every recent muſcle we 
may at firſt view diſtinguiſh two kinds of fibres; 
the one kind appears red, and is the true muſcular 
ſubſtance ; the other is tendinous, has a white ſilvery 
appearance, and has no power of contraction like 
the former. The tendinous ſubſtance is ſometimes 
collected into a cord, but is very frequently ex- 
| Panded, ſo as by covering the ſurface of a mulcle, 
or by pervading its ſubſtance, to afford a very ex- 
tenſive connexion to muſcular fibres. 


The 


Chap. 10] Miſcular Fibres. 157 
The Abbe Fontana has taken great pains to ex- 
amine the ſtructure of muſcles. He divided muſ- 
cular ſubſtance with the point of a ſmall needle: till 
he came to minute threads, which, whatever pains 
he took, would admit of no further diviſion. Theſe, 
he examined with a lens, the diameter of which was 
one-ninth of an inch; when they appeared to be 
ſolid homogeneous cylinders, interrupted at regular 
diſtances by very minute lines or wrinkles, Theſe, 
wrinkles, when they were examined in different 
points of view, might have paſſed for globules ; but 
upon this circumſtance, as the obſervation went no 
further, the Abbe does not inſiſt. This undulated 
appearance has alſo been obſerved in nervous and 
tendinous fibres, examined by microſcopes of high 
magnifying powers. Dr. Monro, in his obſerva- 
tions on the nervous ſyſtem, gives it as his opinion, 
that they are to be conſidered as folds or joints, ſerv- 
ing to accommodate the parts to the different ſtates 
of flexion and extenſion. In proof of this he finds, 
that thoſe parts which have this appearance in their 
relaxed ſtate, loſe it when ſtretched, 

Levenhoeck long ago fancied that he had diſco- 
vered the ultimate e fibre, which he conſi- 
dered as being one hundred times as ſmall as a hair. 

He after wards, however, candidly acknowledged, that 
what he ſuppoſed to be a ſimple fibre was, in fact, 
a bundle of them. Notwithſtanding, therefore, the 
microſcopical obſervations of the Abbè Fontana, 
and other philoſophers, we muſt ſtill acknowledge 
ourſelves ignorant of the ſtructure of the ultimate 
component parts of muſcular ſubſtance; and all we 
are allowed to ſay is, that their ſtructure is fibrous. 
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158 Connexion of Muſcles. [Book IX. 
Theſe minute fibres, obſerved by the Abbè Fontana, 
were tied by cellular ſubſtance in ſmall faſciculi or 
bundles, theſe bundles are again formed into larger 
by the ſame means, and of theſe faſciculi are com- 

poſed thoſe contractile maſſes of fleſh called muſ- 
cles. | 
Muſcles are generally connected at their two 
extremities to bones, by means of tendons; the 
largeſt part of a muſcle is called its belly, and is 
chiefly compoſed of contractile muſcular fibres. 
That connection of a muſcle which is leaſt movea- 
ble is called its origin, that which is moſt moveable 
its inſertion; but theſe terms are in many caſes 
merely relative, for a part of the body which is 
more fixed in one poſture becomes leſs ſo in ano- 
ther. The fibres which compoſe a muſcle run 
either longitudinally, tranſverſely, obliquely, or cir- 
cularly. If all the fibres which compoſe a muſcle 
run in the ſame direction, it is called rectilinear; 
radiated, if the fibres are diſpoſed like radii; pen- 
niform, if, reſembling the plume of a feather, the 
fibres .are ſituated obliquely with reſpe& to the 
centre from which they proceed ; compound, if the 
fibres run in different directions. The majority of 

the large muſcles of the body are compound. 
Moſt muſcles have others oppoſed to them, which 
act in a contrary direction, and are called antagoniſts. 
Thus, one muſcle, or one ſet of muſcles, bends a 
limb, another extends it; one elevates a part, ano- 
ther depreſſes it; one draws it to the right, another 
to the left. By theſe oppoſite powers the part is 
kept in a middle direction, ready to be drawn either 
one way or another, as particular muſcles are 
cis 


Chap. 10.1 Aiſcles of the Fætus. 155 


chrown into ſtronger action. The flexor muſcles 
exceed the extenſors in ſtrength, and for this reaſon 
the eaſieſt poſtures are thoſe in which the body or 
limbs are moderately bent. 

When we ſpeak of the muſcles of a part, we do 
not mean thoſe which are ſituated on it, but thoſe 


which ſerve to move it. Thus, what are called the | 


muſcles of the leg, and which are ſubſervient to its 


motions, are placed round the thigh bone; thoſe 


which move en round the bones of the leg, 
&c. 


In the foetus the muſcles are evidently inſerted 


into the perioſteum only, but in the adult fate, 
when the perioſteum adheres much more cloſely to 
the bone, the tendons, being confuſed with the pe- 


rioſteum, pals with that even into the foveol of the 
bone. 
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. MUSCLES OF THE HEAD. 


Auſeles of the Forthead.—Of the Eye. lidi.— Of the Eye—Of 
the Noſe —Muſcles of the Mouth.—lWhy the Face is the Index 
to the Mind. — Temporal - Muſcles —Muſcles of the Neck —Of 

. the Ja. The Tongue—Muſcles of the Palate, Ge. 


NE ſkin which covers the head is moved by 
a ſingle broad muſcle, and one ſmall pair, 
The former of theſe is ſituated immediately below 
the common integuments, at the back and fore 
part of the head, with the intervention of a broad 
tendon, and is called occipito frontalis. Its effect 
is to draw the ſkin of the head backwards, to raiſe 
the eye-brows, and wrinkle the ſkin of the fore- 
| head. ” + 8 
The corrugator ſupercilii ariſes from the internal 
angular proceſs of the os frontis, near its joining 
with the bones of the face; it is inſerted into the 
inferior and inner part of the occipito frontalis, 
draws the eye-brows towards each, pulls down- 
wards the ſkin of the forehead, and cauſes it to 
wrinkle, particularly between the eye-brows. 3 
The muſcles of the ear will be ſpoken of when 
it becomes neceſſary to treat of the organs of hear- 
N | 
The muſcles of the eye-lids are, the orbicularis 
palpebrarum, which ſurrounds the eye, and has the 
effect of ſhutting the eye-lids. The upper eye-lid 
has alſo a muſcle proper to itſelf; called the levator 
palpebræ ſuperioris, the effect of which is to raiſe the 
upper 


RR 


Chap. 11.1 Muftles of the Eye. „ 
upper eye, and ne to counteratt the 


former. 


The ball of the eye has fix ald eu drt 


and two oblique. The ſtrait muſcles all riſe from 
the of the orbit around the foramen, through 
which the optic nerve. paſſes, and are extended to 
the fore part of the globe of the eye. Theſe 
muſcles are named from their vſe. - The levator 
oculi raiſes the ball of the eye, the depreſſor pulls 
it down, the adductor turns the eye towards the 
noſe, and the abductor moyes the globe outwards, 
The two oblique muicles are, the obliquus ſupe- 
rior or trochlearis, which, riſing from the bottom of 
the orbit, runs along t. 3 dana of the ethmoid 
bone to the upper part fpoit, where its ten- 
don paſſes through a ee eus ring connected 
to the os frontis, by which mechaniſm the direction 
of its force is altered, and its tendon afterwards 
proceeding a little downwards, and directed out- 
wards at the ſame time, is inſerted half way between 
the inſertion of the attollens oculi and optic nerve. 
The effect of this curious muſcle is to roll the eye, 
to turn the pupil downwards and outwards, and to 
draw the whole ball nearer to the noſe. The ob- 
liquus inferior ariſes from the orbitar proceſs of the 
ſuperior maxillary bone, and running obliquely out- 

wards is inſerted in the ſpace between the abductor 

and optic nerve. Its uſe is to draw the globe of the 

eye forwards, inwards; and downwards, and, con- 

trary to the ſuperior oblique, to turn the pupil up- 

wards towards the inner extremity of the eyebrow. 

By acting ſucceſſively with all the muſcles of the 

eyes we are able to roll them. ä 
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162 Muſcles of the Noſe: [Book IX. 
The nofe is affected by ſeveral muſcles of the face, 
but only one pair is commonly conſidered as properly 
belonging to it. This, which is called the compreſſor 
naris, ariſes externally from the root of the ale naſi, 


and running obliquely upwards along the cartilage 


of the noſe, joins its fellow, -and is inſerted into 


the neighbouring bone. The effect of this muſcle 


is to compreſs the alæ towards the ſeptum naris, 


particularly when we want to ſmell acutely; it alſo 
"wrinkles the ſkin of the noſe, 


The mouth has nine pair of muſcles inſerted i into 


the lips, where their terminations form a ſingle muſ- 


cle, which ſurrounds the mouth. One of theſe riſes 
from the upper jaw- bone, and is inſerted into the angle 


of the mouth. Its effect is to raiſe the corners of the 


mouth, and ĩt is therefore called the levator anguli oris. 
2. The levator labii ſuperioris alæque naſi. This 
riſes by two diſtinct origins; one of theſe proceeds 


from the ſuperior maxillary bone immediately below 


the orbit, the other from the ſame bone at the-inner 


angle of the eye. It is inſerted partly into the 


upper lip and partly into the outer part of the alæ 
naſi, raiſes the upper lip towards the eyes and a 
little outwards, and alſo dilates the noſtrils, by 
drawing the alæ naſi upwards and outwards. 
3. The depreſſor labii ſuperioris alæque naſi, ariſes 


from the upper jaw- bone, where the dentes inci- | 


ſivi and canint are fixed, and is inſerted into the 
upper lip and root of the alæ naſi. When it acts, 


it draws the upper lip ag. alæ aaf. downwards and 
bee 72 8 
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Chap. 1121 —Muſtles of the Moutb. 163 
The three muſcles of the mouth, already men- 
tioned, are ſituated above, the three other par are 
placed below; | 
4. The depreſſor anguli oris ariſes from the Wer 
edge of the maxilla inferior, and is alſo connected to 
the neighbouring ſoft parts. It is inſerted into the 
corners of the mouth, and pulls them downwards. 
5: The depreſſor labii inferioris ariſes from the in- 
ferior part of the lower jaw- bone, near the chin, is 
inſerted into the edge of the lower lip, and pulls it 
_ downwards and a little outwards. 6. The levator 
labii inferioris ariſes from the lower jaw, where the 
dentes inciſivi and canini are fixed, and, being in- 
ſerted into the under lip and ſkin of the chin, draws 
them upwards; 
Three pair of muſcles ate alſo ſeared outwards 
with reſpect to the mouth. 0 
7. The buccinator (or trumpeter) ariſes from 
both jaws, adheres cloſely to the membrane of the 
mouth, and is inſerted at its angles. Its effect is to 
draw the angles of the mouth backwards and out- 
wards, and to contract its cavity, as in blowing a 
wind inſtrument; and in puſhing our meat betiveen 
the teeth, 8. The zygomaticus major atiſes from 
the os male, near the zygomatic ſuture; and is in- 
ſerted into the angle of the mouth. When it con- 


tracts, it draws the angles of the mouth upwards 
and outwards, and makes the cheeks prominent 
as in laughing. 9. The zygomaticus minor deſcends 
obliquely from the prominent part of the os malæ, 
and is inſerted into the upper lip near the corner of 
the mouth. Its uſe is to draw the corner of the 
mouth obliquely upwards and outwards towards che 
external corner of the eye. 


Ms. The. 


164 Pbyſiognomy. [Book IX. 

The ſingle muſcle, which was mentioned as 
being formed by the terminations of all the others 
decuſſating each other, is called the orbicularis oris, 
and entirely ſurrounds the mouth. Its uſe is to 
ſnut the mouth, by contracting and drawing both 
lips together, and to counteract all the muſcles 
which contribute to its formation. 
The muſcles of the face are the organs, which, 
being affected by the paſſions, render the human 
countenance an index of what is paſſing in the mind; 
and, as all muſcles acquire a greater degree of 


ſtrength as well as proneneſs to action in propor- 


tion to the degree in which they are employed, ſo 
the countenance becomes impreſſed with a general 


character, which is the foundation of phy ſiognomy. 


For this reaſon the countenances of old people are 
more expreſſive, and their likeneſſes more eaſily 
taken, than thoſe of the young, though this is partly 
to be attributed to. the waſting of the fat, which in 
youth fills the interſtices between the muſcles, and 
prevents ſtrong lines. To the above principle is 
#0 be attributed the greater expreſſion obſervable in 
che countenance of a perſon of a cultivated mind 
than in that of a perſon whoſe ſtock of ideas is nar- 
row. From all theſe circumſtances it appears, that 
the cultivation of the mind is the moſt likely me- 
thod of increaſing the expreſſion and beauty of the 
countenance. . 

© The muſcles of the 1 jaw are four pairs, 
and are thoſe employed in the maſtication of the 


food. 


The temporalis muſcle has a very extenſive ori- 
gin, from the lower and lateral part of the parietal 
bone, all the pars ſquamoſa of the temporal bone, 
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Chap. 11.] Migclet of the Face. 165 


from the external angular proceſs of the os frontis, 
and from the temporal proceſs of the ſphenoid 
bone. From theſe different origins the fibres de- 
' ſha like radii towards the jugum, under which 
they paſs, and are inſerted into the coronoid proceſs 


of the lower jaw. Its uſe is to preſs the lower jaw 


againſt the upper, and at the ſame time to draw it 


a little backwards. This muſcle is covered with 


a broad tendon, called its aponeuroſis, which de- 
fends it, and gives orgs to a _ 1 of muſ- 
cular fibres. 1911 

The maſſeter ariſes from the Fopevier maxillary 
bone, where it joins the os malz, and from the in- 


ferior and anterior part of the jugum, and is in- 


ſerted into the angle of the lower j jaw, which, an 
it acts, it preſſes againſt the upper. 

The pterygoideus internus proceeds from i; 
inner andupper part of the internal plate of the ptery- 


goid proceſs of the ſphenoid bone, and from the - 


pterygoid proceſs of the os palati. It is inſerted 
into the angle of the lower jaw internally, and, 
when it acts, draws it upwards and TRIO to- 
wards the oppoſite ſide. 


The pterygoideus externus takes its origin 18 | 


the outer ſide of the pterygoid proceſs of the ſphe- 
noid bone, from part of the tuberoſity of the os 
maxillare adjoining to it, and from the root of the 
temporal proceſs of the ſphenoid bone. It is in- 
ſerted into the neck of the oondy loid proceſs of the 
lower jaw, and pulls it forwards and to the oppoſite 
ſide, or when both the external pterygoid muſcles 
act, the fore teeth of the under jaw are puſhed for- 
wards beyond thoſe of the upper jaw, 
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166 Muftles of the Hand, &c. [ Book IX, 


On the fide of the neck, towards its fore part, are 

two muſcles. The external of theſe is a muſcle 
of the ſkin, and is called platiſma myoides. It ariſes 
by a number of ſlender fibres from the cellular 
ſubſtance, which covers the upper parts of the del- 
toid and pectoral muſcles ; in their aſcent they all 
unite to form a thin muſcle, adhering to the ſkin, 
and which is inſerted into the lower jaw, It draws 
the ſkin of the cheek downwards, 
The fterno-cleido-maſtoideus has two origins, 
one from the ſternum, the other from the clavicle, 
which, uniting, form one muſcle, which runs ob- 
liquely upwards and outwards, and is inſerted into 
the maſtoid proceſs of the temporal bone. When 
it contracts, it turns the head to one fide, and 
bends it forwards ; or when its fellow acts with it, 
they draw the head directly forwards. _ 

Six pairs of muſcles are fituated between the os 
hyoides and the lower jaw. 

The muſcle, which forms the external 3 is 
called the digaſtricus. It riſes near the maſtoid pro- 
cedſs, runs downwards and forwards to the os hy- 
oides, and thence proceeds to the bone of the chin, 
into which it is inſerted. When it acts, it pulls the 
lower jaw downwards and backwards, and therefore 
opens the mouth. When the lower jaw, however, 
is fixed by the ſtronger muſcles, which have been 
already. deſcribed, the effect of the digaſtricus is 
different, for the os hyoides, then becoming the 
more moveable part, is drawn upwards, and with it 
the larynx and pharynx, as in the act of ſwallowing. 
The . r from the inſide of the 

4 . lower 
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AA The Tongue, Ge. 167 


lower jaw to the os hyoides, and has nearly the 


fame effect as the digaſtricus. 


The genio-hyoideus alſo paſſes from the os hy- 


oides to the chin, and either raiſes the former or 
pulls down the latter, according as the lower jaw 
or the os hyoides is rendered more fixed 5 othet 


muſcles. 

The genio-hyo-gloſſus ariſes from the he Jaw, 
and is inſerted partly into the os hyoides, and 
partly into the tongue. This muſcle, according to 


the direction of its fibres, acts very differently on 


different occaſions ; from the ſeparate action of its 
fibres it either draws the tongue backwards, ex- 
tends it out of the mouth, or renders its upper part 
concave. 


Two muſcles paſs from the os hyoides to the 


trunk. The ſterno hyoideus proceeds from the 
| ſternum, and pulls the os hyoides downwards. 


The omo hyoideus ariſes from the ſuperior coſta 
of the ſcapula, and draws the os hyoides obliquely 
downwards. It is to be noticed, that when there 
are two muſcles of equal ſtrength and equal obli- 
quity attached to a moveable part, and they both 
act together, they draw it in a ſtrait line, the ob- 


| liquity of the one counterbalancing that of the 


other. 

The ſubſtance of the tongue js muſcular, and is 
diſtinguiſhed by anatomiſts into ſix pair of muſcles, 
which it cannot be neceſſary to enumerate. They 
alſo deſcribe ſix pair of muſcles belonging to the 


pharynx; theſe I ſhall paſs over in ſilence, and 


merely conſider it as a muſcular bag, forming 


the upper part of the alimentary canal, There 
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168 Palate, Ce. ] [Book N. 


are alſo ſeveral muſcles belonging to the pa- 
late and uvula, of which the limits of this work do 
not permit the ſpecification. I ſhall at preſent alſo 
paſs over the muſcles of the larynx, as a better op- 
portunity will occur of comprehending them under 
the deſcription of the parts to which they belong. 
The ſame abſerranion is applicable to the e 
of the ear. 
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MUSCLES OF THE TRUNE. 


Muſcle of the Neck and Back. —0f the Breaft. —07 the Rib 
The Diaphragm.— Muſcles of the Abdomen. — OH the Pelvis, Ge, 


by N the anterior part of the neck, cloſe to the 
Vvertebræ, are ſeated the following muſcles: 

The longus colli ariſes from the bodies of three 
of the vertebræ of the back, and from the tranſ- 
verſe proceſſes of moſt of the vertebrae of the neck. 
It is inſerted into the fore part of all the vertebræ 
of the neck, and has the effect of drawing it for- 
wards or to one ſide, according as the muſcle 


action. 

Ihe rectus capitis internus major procceds from 
the extremity of the tranſverſe proceſſes of the three, 
four, five, and fix vertebræ of the neck, is inferted 
into the cuneiform proceſs of che os occipitis, _ 
| bends the head forwards.  — 

The rectus capitis internus minor ariſes from 
the fore part of the body of the firſt vertebra of the 
neck, is inſerted into the condyloid proceſs of the 
os occipitis, and alſo bends the head forwards. * 


 terior part of the point of the firſt tranſverſe pro- 
ceſs of the. firſt vertebra of the neck, and is in- 
ſerted into the os wee pen 55 n 5! head a 
bug to one hide, © 8 


on both _ or that on np wages is called into 


The rectus capitis lateralis ariſes from the an- ; 
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170 Muſcles of the [Book IX. 

The large and ſtrong muſcles, ſeated at the poſ- 
terior part of the trunk, may be divided into four 
layers and a ſingle pair. The external _ con- 
ſiſts of two very broad muſcles. 

The trapezius ariſes by a ſtrong round 3 
from the middle of the os occipitis, and from a 
rough curved line, which extends thence towards 
che maſtoid proceſs of the temporal bone. It pro- 
ceeds downwards along the nape of the neck, is 
attached to the ſpinous proceſſes of all the vertebrge 
of the back, and the two loweſt of the neck; and 
35: alſo firmly connected by the intervention of a 
tendon: to its fellow of the oppoſite ſide, It is in- 
ſerted into the paſterior part of the clavicle, the 
acromion, and almoſt all the ſpine of the ſcapula. 
It moves the ſcapula either obliquely upwards, di- 
rectly backwards, or obliquely downwards, accord- 
ing as its different parts are called into action. 

The latiſſimus dorſi ariſes, by a broad thin tendon, 
from the poſterior part of the ſpine of the os ileum, 
from the ſpinous proceſſes of the os ſacrum, loins, 
and ſeven inferior of the back, and from three or four 
of the lower. ribs; its fibres converging paſs over 
the inferior angle of the ſcapula, are collected into 


a flat cord in the axilla, and inſerted into the os hu- 


meri, Its action is to pull the arm downwards 
and backwards, and to roll the os bumeri. 
The ſecond layer of muſcles conſiſts of my 
pair, two on the back and one on the neck, 
the back are ſeated the ſerratus poſticus ee 0 
This muſcle originates from the ſpinous proceſſes 
of the two inferior of the back and threę ſuperior 
vertebre of the loins, is inſerted i into the four loweſt 


ribs, 


Chap. ny Neck and Back, Ec. . 171 


ribs, which it Jeans downwards, and 1s therefort A 
muſcle of expiration. _ 


The. rhomboideus proceeds from the cinen pra- 


ceſſes of the five ſuperior vertebræ of the back and 


three inferior of the neck, and is inſerted into the 
baſe of the ſcapula, which it draws obliquely up- 
wards, and directly inwards towards the ſpine. 

On the neck is ſituated, _ 

The ſplenius, which ariſes from the ſpinous pro- 
ceſſes of the four upper vertebræ of the back and 
five lower of the neck; it is inſerted into the tranſ- 
verſe proceſſes of the five ſuperior vertebræ of the 
neck, the poſterior part of the maſtoid proceſs, and 
the os occipitis, where it joins the root of that pro- 
ceſs. When one. of theſe muſcles acts, it brings 
the head and neck obliquely backwards, or, when 

they both att, they draw the head deny backs 
wards, . 

The ſingle pair, which was mentioned, is the 

Serratus poſticus ſuperior. This originates from 
the ſpinous proceſſes of the three loweſt vertebræ of 
the neck, and two uppermoſt of the back, and is 
Inſerted into the ſecond, third, fourth, and fifth ribs. 
Its effect is to elevate, the ribs, dilate the thorax, 

and conſequently it is ſubſervient to inſpiration. 
HFlaving remoyed theſe muſcles, we come to the 
third layer, which conliſts of three on the back, and 
three on the neck. 

On the back are, 


The ſpinalis dorſi, which ariſes from the ene 


proceſſes of the two uppermoſt vertebræ of the 
loins and three inferior of the back, and paſſes to 


the nine uppermoſt ſpinous proceſſes ot the ver- 


tebræ 
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tebræ of the back. The evident effect of this 
muſcle is to ſtraiten the ſpine, and Bude it wo 
bending forwards. 
The longiſſimus dorſi orijtiones from the kde of 
the os ſaerum, and its ſpinous proceſſes ; from the 
poſterior ſpine of the ileum; from all the ſpinous 
proceſſes, and from the rootg of the tranſverſe pro- 
ceſſes of the vertebrae of the loins. It is inſerted 
into all the tranſverſe proceſſes of the vertebræ of 
the back, and alſo into the lower edge of the ten 
uppermoſt ribs, near their tubercles. This muſcle | 
ſtrengthens the ſpine, and keeps! the MY pn 
bending forwards. FA 

The ſacro-lumbalis, which Arles! in common with 
the longiſſimus dorſi, is inſerted into all the ribs near 
their angle. It pulls down' the ribs, and allifts 1 in 
erecting the trunk of the bod. 
On the neck we find, the 
Cotrpplexus, which ariſes from the wantverſtp pro- 

ceſſes of the ſeven ſuperior vertebræ of the back 

and four inferior of the neck ; it is inſerted, with 
the trapezius, into the inferior edge of the protu- 
berance in the middle of the os occipitis, and into 
a part of the curved line which runs towards the 
maſtoid proceſs. When they both act, they draw 
the head directly backwards, or 8 ſo when 
only one 1s called into action. 

The trachelo-maſtoideus, which ariſes from the 
tranſverſe proceſſes of the three uppermoſt vertebræ 
of the back, and from the five lowermoſt of the neck, 
where it is connected to the tranſverſus cervicis, is 
inſerted into the poſterior part of the maſtoid pro- 
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ceſs. It aſſiſts the complexus, but pulls the 
head more to one ſide, 
The levator ſcapulæ ariſes 8 the tranſverſe 


proceſſes of the ſive ſuperior vertebræ of the neck, 


and is inſerted into the ſuperior angle of the ſca- 
pula. It elevates the ſcapula, and Graws it a little 
forwards. 

The fourth layer confiſty of 1 two pair on the 
back, two on the poſterior part of the neck, four 
ſmall pair, ſituated immediately below the poſterior 
part of the occiput, and three on the wie of the 
neck. 

On the back are the 

Semiſpinalis dorſi, which ariſes from the tranſ- 
_—_ proceſſes of the ſeventh, eight, ninth, and 
tenth vertebræ of the back, is inſerted into the 


ſpinous proceſſes of all the vertebra of the back 


above the eighth, and into the two lowermoſt of the 

neck. Its effect is to extend the ſpine backwards. 
The multifidus ſpinæ originates from the ſide and 

ſpinous proceſſes of the os ſacrum, and from the 


poſterior part of the os. ileum, where it joins the 


ſacrum; from all the oblique and tranſverſe pro- 
ceſſes of the vertebræ of the loins ; from all the 
tranſverſe proceſſes of the vertebræ of the back, 
and from thoſe of the neck, except the three upper ; 
its tendinous and muſcular fibres run in an oblique 
direction, and are inſerted into the ſpinous pro- 
ceſſes of all the vertebra of the loins, of the back, 
and of the neck, except the firſt. When one 
fide of this muſcle acts by itſelf it extends the 
ſpine obliquely, when both act .they draw it di- 
rectly bund TE 
| | On 
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On the poſterior part of the neck are the ſemi- 
ſpinalis colli, which ariſes from the tranſverſe pro- 
ceſſes of the fix uppermoſt vertebræ of the back, 
and is inſerted into the ſpinous proceſſes of all the 
vertebræ of the neck. It extends the neck back- 
wards; 

The tranſverſalis coll. which proceeds from the 

tranſverſe proceſſes of the five uppermoſt verte- 
bræ of the back, and is inſerted into the tranſverſe 
proceſſes of all the cervical vertebræ, except the firſt 
and the laſt. It turns the neck obliquely backwards 
and a little to one ſide. 

Below the poſterior part of the occiput a we”; 

The rectus capitis poſticus major. This muſcle 
ariſes from the external part of the ſpinous proceſs 
of the ſecond: vertebra of the neck, aſcends ob- 
lquely outwards, and is inſerted into the os occipi- 
tis. It pulls the head 1 and aſſiſts a little 
in its rotation. 

The rectus capitis poſticus minor ariſes from a 
little protuberance in the middle of the back part 
of the firſt vertebra of the neck, and is inſerted 
near the foramen magnum of the os occipitis. It 
aſſiſts in moving the head backwards. 

The obliquus capitis ſuperior ariſes from the 
tranſverſe proceſs of the firſt vertebra of the neck, 
and is inſerted into the os occipitis. It draws the 
head backwards, | 

The obliquus capitis inferior ariſes from the ſpi- 
nous proceſs of the ſecond vertebra of the neck, 
and is inſerted into the tranſverſe proceſs of the firſt 
vertebra of the neck. This muſcle acts very pow- 
erfully in giving a rotatory motion to the head. 

On 
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On the ſide of the neck are the ſcalenus anticus, 

” which ariſes from the fourth, fifth, and ſixth tranſ- 
verſe proceſſes of the vertebræ of the neck, and is 
inſerted into the upper part of the firſt rib, - _ 

The ſcalenus medius, which proceeds from all 
the tranſverſe proceſſes of the vertebræ of the neck, 
and is Inſerted into the upper and outer part of the 
firſt rib. 

The ſcalenus poſticus, which ariſes from the fifth 
and ſixth tranſverſe proceſſes of the vertebra of the 
neck, and 1s inſerted into the upper part of the ſe- 
cond rib. | 

The effect of all the ſcaleni is to bend the neck g 
to one ſide, or, when the neck is fixed, to raiſe the 

ribs and dilate the thorax. 

There are a number of ſmall „ fed 
between the ſpinous and tranſverſe proceſſes, of 
contiguous vertebrz, ſome of which approach ſo 
nearly to the nature of tendons as to ſerve merely 
as ligaments. The uſe of all theſe is to ſtrengthen 
and erect the ſpine. 

In the deſcription which has been given of the 
muſcles which ſerve for the motion of the whole 
head, the reader cannot have failed to obſerve, how 
much more numerous thoſe are which are inſerted 
into the back part of the head, and pull it back- 
wards, than thoſe which have the oppoſite inſertion 
and effect. The reaſon of this is, that the center 

of gravity of the head does not fall on the condyls, 
on which it is ſupported, but conſiderably farther - 
forward ; from which mechaniſm it is evident that 
the muſcles which pull the head back muſt be con- 
e "rg againſt, Hence, when a perſon falls 

aſleep, 
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aſleep, or is affected with the palſy, and the muſ- 
cles ceaſe to act, the head always falls forwards. By 
the ſpine being thus connected towards the poſte- 
rior part of the cranium, more ſpace 1s allowed for 
the cavities of the mouth and fauces. 
Muſcles ſituated on the anterior part of the thorax. 
After having removed the common integuments 
of the thorax, we obſerve a large muſcle, the pecto- 
ralis major, which riſes from the cartilaginous ex- 
tremities of the fifth and ſixth ribs, from almoſt the 
whole length of the ſternum, and from near half the 
anterior part of the clavicle. Its fibres run towards 
the axilla, and it is inſerted into the upper and inner 
part of the os humeri. Its effect is to move the 
arm forwards and obliquely upwards towards the 
ſternum. -/ 
Having removed this we come to another layer, 
which conſiſts of three muſcles. 
T be ſubclavius is a ſmall muſcle which riſes from 
the firlt rib, and is inſerted into the inferior part of 
"the clavicle. Its effect is to pull the clavicle down- 
wards and forwards. 

T) he pectoralis minor ariſes from the upper edge 
of the third, fourth, and fifth ribs, and is Inſerted 
into the coracoid proceſs of the ſcapula. Its uſe is to 
bring the ſcapula downwards and forwards, or that 

being fixed, to pull the ribs upwards, 

: The ſerratus magnus originates from the nine 
ſuperior ribs, by an equal number of fleſhy digita- 

tions, reſembling the teeth of a ſaw, whence the 

term ſerratus is derived. Being folded about two 

angles of the ſcapula it is inſerted into its baſe, Its 

effect is to move the ſcapula forwards, or when 


the 
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the ſcapula is forcibly raiſed, to draw the ribs up- 


wards. 


The muſcles which cover the ribs being removed, 
we obſerve the ſpace between the ribs filled up with 


double rows of muſcles, called the intercoſtales 


externi and interni. The external ariſe from the 
inferior acute edge of each rib, and running ob- 
liquely forwards are inſerted into the obtuſe upper 
ſurface of the rib next below. The internal ariſe in 
the ſame manner as the external, except that, con- 
trary to them, they begin at the ſternum, and run 
obliquely backwards. The two rows of intercoſtals, 

therefore, decuſſate each other like the ſtrokes of the 
letter Xx. The effect of the contraction of both 
ſeries is the ſame, viz. that of bringing the ribs 


nearer to each other, and as each lower rib is more 


moveable than that above, to raiſe the ribs, dilate 
the thorax, and aſſiſt in inſpiration. | 

Certain portions, both of the external and inter- 
nal intercoſtals, are longer, and paſſing over one 
rib are inſerted into the next below it. The ribs 
are likewiſe raiſed, and their poſterior articulations 
ſtrengthened, by twelve ſhort muſcles, which ariſe 
from eleven of the tranſverſe proceſſes of the dor- 
fal vertebræ, and the loweſt of thoſe of the neck, 
and which are inſerted into the rib immediately 
below the tranſverſe proceſs from which each of 
them riſes, 

The ſterno-coftalis ariſes from the cartilago euß⸗ 
formis, and is inſerted into the lower edge of the 
cCartilages of the third, fourth, and fiſth ribs. Its 
effect is to depreſs theſe cartilages and the extre - 
Vor. Hh - N mitie: 
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178 | The Diaphragm [Book IX. | 
mities of the ribs, to contract the cavity of the 
thorax, and therefore to aſſiſt in expiration. 

The moſt important muſcle of the thorax, how- 
ever, ſtill remains to be conſidered. The dia- 
phragm is a broad and ftrong muſele, which di- 
vides the cavity of the abdomen from that of the 
thorax. It is placed very obliquely between theſe 
two cavities, its anterior connection being much 
higher than its poſterior. Its middle part is forced 
up by the viſcera of the abdomen, fo as to form an 
arch. The diaphragm, at its anterior part, ariſes 
from the upper and internal part of the enſiform car- 
tilage, and from the cartilages of the ſixth, ſeventh, 
and all the inferior ribs. The muſcular portions 
ariſing from all theſe points converge towards a 
common center, where they terminate in a broad 
triangular tendon. This being directed down- 
wards and backwards is attached to a mufcular 
fabſtance, which ariſes by eight heads from the 
fecond, third, and fourth lumbar vertebrz. There 
are ſeveral paſſages through the diaphragm, which 
muſt not be paſſed over in ſilence. Among the 

muſcular portions which proceed from the lumbar 

vertebræ are openings through which paſs the 
aorta, the thoracic duct, the vena azygos, and the 
two great intercoſtal nerves. The muſcular fibres, 
which proceed from the lumbar vertebrae, run ob- 
 liquely upwards and forwards, and form in the 
middle two flefhy columns, which decuſſate, and 
leave an oval fpace between them for the paſſage 
of the eſophagus and eighth pair of nerves, To- 
wards the right fide of the broad tendon, which 
forms the middle of the n there is a large 
8 qua- 
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quadrangular opening, through which the vena cava 
paſſes to arrive at the heart. When the diaphragm 
contracts, its concavity is leſſened, particularly on 

each fide, over which the lungs are placed, its 

center being firmly fixed from its connection with 
the mediaſtinr m. By the deſcent, however, of its 
ſides, it puſhes downwards and forwards the abdo- 
minal viſcera, it lengthens, and of courſe enlarges, 
the cavity of the thorax, and is the principal muſcle 
of inſpiration. The ribs are at the ſame time raiſed 
by the intercoſtal muſcles, by which the thorax i is 
made wider. The chief muſcles of expiration, on 
the other hand, are thoſe which ſurround the abdo- 
men. Theſe counteract the intercoſtals, by pulling 
down the ribs, in which they are aflifted by the ſer- 
rati, and oppoſe the diaphragm by the poſtici inſe. 
riores preſſing backwards and upwards the abdomi- 
nal viſcera. By theſe muſcles reſpiration is in ge- 
neral carried on. In caſes, however, of laborious 
reſpiration, whether from diſeaſe or violent exerciſe, 
other inuſcles are called into action; inſpiration is 
then promoted by the pectoral muſcles, the ſerrati 
antici majores, the ſerrati poſtici poſteriores, and 
the ſcaleni. That theſe muſcles may act with more 
advantage, perſons labouring under difficult reſpi- 
ration extend and fix the neck, and raiſe the ſnoul- 
ders. In laborious expiration the quadrati lumbo- 
rum, ſacro- lumbales, and longiſſimi dorſi, concur in 
pulling down the ribs. The elaſticity of the car- 
tilages of the ribs is alſo on all occaſions. an agent 
in expiration. _ | 
The muſcles ſituated on the anterior part of the 
abdomen are five pair. On the middle of the an- 
„ N 2 terior 
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terior part of the abdomen, three of i its mulcles, the 
two oblique and the tranſverſe, terminate in tendi- 
nous ſubſtance, which forms an expanſion the whole 
way from the cartilago enſiformis to the oſſa pubis. 
This from its white appearance is called linea alba. 
The external layer is formed by a muſcle, which 
from its ſituation and the direction of its fibres 
is called the obliquus deſcendens externus. This 
muſcle riſes by as many heads from eight or nine 
of the loweſt ribs; its notches always mix with 
thoſe of the ſerratus major anticus, and generally 
cohere to the pectoralis major, intercoſtals, and la- 
tiſſimus dorſi. It proceeds obliquely downwards 
and forwards, and is connected partly to the linea 
alba and partly to the ſpine of the ileum. Its ten- 
dinous ſubſtance, which forms part of the linea alba, 
divides below into two columns, which leave be- 
tween them a flit named the ring of the abdomen ; 
of theſe cohumns the inferior 1s inſerted into the os 
pubis of the ſame ſide, the ſuperior decuſſates its 
fellow, and paſſes over to be inſerted into the os 
pubis of the other ſide. That part of the external 
oblique muſcle, which is connected to the ſpine of 
the ileum, is ſtretched from the anterior ſpinous pro- 
_ ceſs of that bone towards the os pubis, forming what 
is called Poupart's or Fallopius's ligament. This 
tendon is united with the ſtrong tendinous expan- 
ſion of the thigh, called faſcia lata, which involves 
and ſheaths the muſcles of the thigh, and, proceeding 
to the leg, performs there the ſame office. 
The opening, called the ring of the abdomen, 
formed by the tendons of this muſcle, gives paſ- 
_ to the ſpermatic nn in men, and the round 


liga- 
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' ligaments of the uterus in women. The contents 
of the abdomen, getting through this opening, form 
the inguinal hernia. Under Poupart's ligament 
paſs the great veſſels of the thigh, and this is the 
ſeat of the crural or femoral hernia. This muſcle 
aſſiſts the excluſion of the fæces and urine, and in | 
expiration, and bends the body forwards. | 

The ſecond layer is formed by the obliquus aſ- 
cendens internus. This muſcle ariſes from the 
ſpinous and tranſverſe proceſſes of the three upper- 
moſt lumbar vertebræ, from the upper part of the 
ſacrum, and from the ſpine of the ileum, the whole 
length between the poſterior and ſuperior anterior 
ſpinous proceſs. Paſſing obliquely upwards, it is 
inſerted into the cartilaginous part of all the falſe 
ribs and the two loweſt of the true, to the enſiform 
cartilage and to the ſternum. At its anterior part 
it becomes tendinous, and dividing, receives the 
rectus muſcle between its ſeparate portions. Its 
poſterior portion is connected with the tendon of 
the tranſverſalis muſcle, its anterior with the linea 
alba. At its loweſt part it is inſerted into the ante- 
rior part of the os pubis. Its uſe is to aſſiſt the 
former, but it bends the trunk in the reverſe direc- 
Wo SE 
The tranſverſalis has nearly the ſame origins as 
the internal oblique. It is inſerted into the carti- 
lago enſiformis above, and into the whole length of 
the linea alba, except at its lowermoſt part. It ſup- 
ports and compreſſes the abdominal viſcera. 

The rectus abdominis ariſes from the cartilago 
enſiformis and the cartilages of the three loweſt 
true ribs. In its courſe downwards it paſſes through 

3 _ the 
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the ſneath formed by the diviſion of the tendon of 
the internal oblique, having the tendon of the ex- 
ternal oblique without, and that of the tranſverſalis 
within. The rectus is generally divided by three 
tendinous interſections. Below it is connected to 
the oſſa pubis, where they are joined to each other. 
The uſe of this muſcle is to compreſs the fore part, 
and more particularly the lower part, of the abdo- 
men. It alſo bends the trunk forwards, or raiſes 
the pelvis towards the ſternum. By being ſur- 
rounded by the tendons of other muſcles, it is 
prevented from ſtarting from its ſituation. 

The Pyramidales are a ſhort pair of muſcles fre- 
* quently wanting; they ariſe from the oſſa pubis, and 
are inſerted into the linea alba about half way between 
them and the navel. They aſſiſt the rectus. 

The anterior part of the abdomen is diftin- 
guiſhed into ſeveral diviſions, called regions, 
1. The epigaſtric region, which reaches from the 
pit of the ſtomach to within three fingers breadth 
of the navel, and is bounded laterally by the hypo- 
chondria. 2. The umbilical region, which extends 
three fingers breadth above and below the navel, 
and is terminated laterally by the lumbar regiqns ; 
and 3. Below the umbilical region is the hypogaſ- 
| tric, on each fide of which are the iliac regions, 
Still lower down is the region of the pubis. 

Within the cavity of the abdomen are ſituated four 
pair of muſcles The pſoas magnus ariſes from the 
ſide of the body and tranſverſe proceſs of the loweſt 
vertebra of the back, and from thoſe of all the ver- 
tebræ of the loins. Paſſing downwards through the 
| ook it 35 inſerted partly into the leſſer lar ; 

; an 
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and partly into that part of the os femoris a little 
below it. It bends the thigh forwards, or when the 
thigh is fixed, as in the poſture of ſtanding, it bends 
the trunk forwards on the oſſa femoris. The pſoas 
parvus proceeds from the two upper vertebræ of 
tlie loins, and ſending off a ſmall long tendon, is in- 
ſerted into the brim oſ the pelvis at the junction of 
the os ileum and pubis. It aſſiſts the pſoas mag- 
nus in bending the loins forwards. 


The iliacus internus ariſes from the tranſverſe 


proceſs of the laſt vertebra of the loins, from the 
inner edge of the ſpine of the ileum, from the edge 
of that bone between its anterior ſpinous proceſs 
and rhe acetabulum, and from moſt of the hol- 
low part of the ileum. It joins with the pſoas 
magnus where it becomes tendinous, 1s inſerted 
along with it into the ſmaller trochanter, and has 
the ſame effect. 
The quadratus lumborum is ſeated further back- 
ward; it ariſes from the poſterior part of the ſpine 
of the os ileum, and is inſerted into the tranſverſe 
proceſſes of all the lumbar vertebræ, into the laſh 
rib near the ſpine, and by a ſmall tendon into the 
ſide of the laſt vertebra of the back. Its uſe is to 
move the loins to one ſide, or, when both act, to 
draw the loins forwards. 
Within the pelvis are placed the eder inter- 
nus, which ariſes from the internal circumference of 


the foramen thyroideum. Its tendon paſſes out of the 


pelvis, between the poſterior ſacro-iſchiatic ligament 
and the tuberoſity of the os iſchium, and is inſerted 
into the large pit at the root of the trochanter ma- 
jor. Its effect is to roll the os femoris WEE 

outwaſds. | 
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The coccygeus paſſes from the ſpinous proceſs 
of the iſchium to the bottom of the os ſacrum and 
the whole Jength of the os coccygis. By its con- 
traction the os coccygis is drawn forwards. 

Belonging to the anus are, 

The ſphincter ani, which arifes from the ſkin and 
fat which ſurrounds the verge of the anus. The 
fibres are gradually collected into an oval form, and 
ſurround the extremity of the rectum, which they 
| ſerve to contract. | 

The levator ani ariſes from the os pubis, within 
the pelvis, and from the ſpinous proceſs of the 
iſchium. It is inſerted into the ſphincter ani, acce- 
leratores urinæ, and the point of the os coccygis. 
It ſurrounds the extremity of the rectum and the 
neck of the bladder, ſo that joining with its fellow, 
they together very much reſemble the ſhape of a 
funnel. It ſupports and draws upwards the rec- 
tum, 
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en. I. 
| MUSCLES OF THE INFERIOR EXTREMITIES. 


OY of the Thigh.—Of the Leg. —0f the Foot and Toes. 


S the two ſides of the trunk of the body cor- 
reſpond, a deſcription of one ſide is to be 
underſtood as applying equally to both. In the 
ſame manner the parts of the extremities have 
their fellows on the oppoſite ſide. 
The muſcles which belong to the thigh, and are 
ſituated at the anterior part of the pelvis, are, 


The pom W Falready deſcribed. 
The iliacus internus, „ 


The pectinalis ariſes from the upper and ante- 
rior part of the os pubis, immediately above the 
foramen thyroideum. It is inſerted into the an- 
terior and upper part of the linea aſpera of the os 
femoris, a little below the trochanter minor. Its 
uſe is to draw the thigh upwards and inwards, and 
to roll it in ſome degree outwards. _ | 

The triceps adductor femoris ariſes by three dif. 
tinct heads from the oſſa pubis, and is inſerted into 

almoſt the whole length of the linea aſpera, into a 
ridge above the internal condyl of the os femoris 
and into the upper part of that condyl. The uſe 
of this extenſive muſcle is, as the name expreſſes, to 
draw the thighs together; it alſo at the ſame time 
tends to move them ehe and to roll the 0 
qQutwards, 

The obturator erternus 1 he foramen 
thyroideum, and alſo riſes from the membrane which 


9 fills 
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fills up that foramen, and from the adjacent parts of 
the os pubis and iſchium. Its fibres converge to a 
point, and paſſing outwards around the back part of 
the neck of the os femoris, are inſerted by a ſtrong 

tendon into the inner and back part of the trochan- 

ter major, adhering in their courſe to the capſular li- 

gament of the thigh bone. Its uſe is to roll the thigh 
bone obliquely outwards, and to prevent the capſu- 
lar ligament from being pinched. 

The muſcles placed at the poſterior part of the 
pelvis, and deſigned for the motions of the lower 
extremity are, the gluteus maximus, which forms the 
external layer, and ariſes from the poſterior part of 
the ſpine of the ileum, from the whole poſterior ſur- 
face of the os ſacrum, and from the poſterior ſacro- 
iſchiatic ligament; deſcending obliquely, it paſſes 
over the trochanter major, is firmly connected to 
the tendinous expanſions of the tenſor vaginæ fe- 
moris, and is inſerted by a broad tendon into the 
upper and outer part of the linea aſpera. The ef- 
fect of this muſcle is to draw the thigh backwards 
and a little outwards. 

The gluteus medius forms another layer. It 
ariſes from the anterior ſuperior ſpinous proceſs and 
the dorſum of the os ileum, and is inſerted into the 
outer and poſterior part of the trochanter major. 
Its uſe 1s to draw the thigh outwards, and a little 
backwards, and to roll it, eſpecially when it is 
bended. | 

The third layer conſiſts of four mufcles. 

The gluteous minimus ariſes from the outer ſur- 
face of the os ileum and the border of the great 
niche. It is inſerted into the upper and anterior 

. part 
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part of the great trochanter, and aſſiſts the former 
muſcle. | 

The übe ariſes within the pelvis, from the 

anterior part of the os ſacrum, thence becoming 
narrower, it paſſes out of the pelvis along with the 
poſterior crural nerve, below the niche in the poſ- 
terior part of the os ileum. It is inſerted into a 
cavity at the root of the trochanter major. By its 
contraction it moves the thigh a little upwards, and 
rolls it outwards. 

The gemini conſiſts of two portions, one of 
which riſes from the outer ſurface of the ſpine of 
the os iſchium, the other from the tuberoſity of the 
os iſchium and poſterior ſacro- iſchiatic ligament. It 
is inſerted into the ſame part of the trochanter ma- 
jor with the pyriformis and obturator internus. This 
muſcle rolls the thigh outwards, and confines ws 
tendon of the obturator internus. 

The quadratus femoris ariſes from the able of 
the tuberoſity of the os iſchium, is inſerted into a 
ridge which paſſes from one trochanter to the other, 
and rolls the thigh outwards. 

'The muſcles ſeated on the thigh, ns which move 
the leg, conſiſt of two on the inſide, one on the 
outſide, four before, and four behind, 

On the inſide are, 

The ſartorius, which ariſes from the ſuperior an- 
terior ſpinous proceſs of the ileum. This 1 
muſcle, running downwards and a little inwards, is 
inſerted into the inner fide of the tibia, It draws 
the legs obliquely. inwards, fo as to bring the legs 
acroſs each, other, for-which reaſon it is called the 
lars or the taylor's muſcle. 5 * 5 
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The gracilis ariſes near the ſymphyſis of the oſſa 
pubis, and is inſerted with the ſartorius into the inner 
part of the tibia. It aſſiſts the ſartorius in bring- 
ing the legs acroſs, and, when they are a little bent, 
to aſſiſt in bending them ſurther. | 

On the outſide of the thigh is placed 

The tenſor vaginæ femoris, which ariſes from the 
external part of the anterior ſuperior ſpinous pro- 
ceſs of the os ileum. It is inſerted into the tendi- 
nous faſcia which covers and confines the muſcles of 
the thigh. Its uſe 1s to ſtretch and ſupport the 
faſcia, and alſo to roll the thigh fomewhar in- 
Wards. 

On the fore- part of the thigh are, - 
© The rectus, which ariſes partly from the inferior 

and anterior ſpinous proceſs of the ileum, and 
partly from the dorſum of the eum, a little above 
the acetabulum. Paſſing down the middle of the os 
femoris it is inſerted into the patella, by the inter- 
vention of which its effect, that of extending the 
leg, is much increaſed. 


The vaſtus externus ariſes from the root of the 


trochanter major and the outer edge of the linea aſ- | 
pera through its whole length. It is inſerted partly 
into the upper and outer part of the patella, and 
partly into the tendinous expanſion, which is con- 
tinued from the outſide of the thigh to that of the 
leg. This muſcle aſſiſts the former in extending 
the leg. 8 

The vaſtus internus ariſes FOE the fore part of 
the os femoris, the root of the trochanter minor, 
and inner edge of the linea aſpera. It terminates 
partly 1 in the tendinous . of the leg; and 
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is partly inſerted in the inner and upper part of the 


patella. It alſo extends the leg. £ 

The cruræus ariſes from the anterior part of the 
os femoris, between the two trochanters, but nearer 
the trochanter minor. It adheres firmly to the 
whole of the anterior part of the os femoris, is in- 
ſerted into the middle of the pate and aſſiſts in 
extending the leg, 

On the poſterior part of the thigh are - wood 


The ſemitendinoſus, which ariſes from the tu- 


beroſity of the os iſchium, and is inſerted into the 
inſide of the ridge of the tibia a little below its tu- 
bercle. Its effect is to bend the les and draw it 
inwards. 


The ſemimembranaſus, which oe ne from 


the tuberoſity of the iſchium, and is inſerted into 
the inner and back part of the head of the 
tibia. It bends the leg, and brings it directly 
backwards. 


The biceps flexor cruris ; ariſes by two diſtio& © 


heads. Of theſe the longer proceeds from the tu- 
berolity of the iſchium, and the ſhorter from the 
linea aſpera, a little below the termination of the 
gluteus maximus. The. two heads join a little 


above the external condyl of the os femoris, and 
are inſefzed by a ſtrong tendon into the head 


of the fibula, forming the external ham-ftring, 


The internal is formed by: the two preceding 


muſcles. _ 
The popliteus ariſes from the lower and back 


part of the external condyl of the os femoris, it 


runs over the ligament which involves the joint, 
and is inſerted into a ridge at the upper and internal 
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edge of the tibia, a little below its head. It aſſiſts 
in bending the leg, and prevents the capſular liga- 
ment from being pinched. 

The muſcles ſituated on the leg, and which per- 
ſorm the motions of the foot, are either extenſors 
or flexors of the foor, o or nm, of the 
toes in general. | 

The extenſors of the foot are: the gaſtrocnemius, 
which ariſes by two heads, one from each of the 
condyk of the os femoris. A little below the joint 
their fleſhy bellies unite in a middle tendon, and 
below the middle of the tibia it terminates in a 
broad tendon of the following muſcle. 

The ſoleus, or gaſtrocnemius internus, alſo ariſes 
by two heads; one from the upper and back part 
of the head of the fibula, the other from the upper 
and poſterior part of the tibia: The fleſh of this 
muſcle, covered by the tendon of the gemellus, runs 
down nearly as far as the extremity of the tibia, 

a little above which the tendons of this and of the 
preceding muſcle unite, forming a ſtrong cord 
called tendo achillis, which is inſerted into the poſte- 
rior and projecting part of the os calcis. The diſ- 
tance of the extremity ol the os calcis from the aſtra- 
galus, which is the center, on which the motions of 
the foot are performed, gives theſe muſcles great 
power. Their effect is to extend the foot by 
bringing it more nearly into the direction of the 
tibia. When the foot, however, becomes the more 
fixed point, as in the erect poſture of the body, theſe 
two muſcles, by preſſing the foot againſt the ground, 
raiſe the body; they ate therefore very much em- 
18 in walking, running, and jumping, but par- 

ticularly 
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ticularly in aſcending ſteps, whence the fatigue 
felt in theſe muſcles which form the calves oft the 
legs by a continuance of that exerciſe. 

The plantaris ariſes from the upper and 


back part of the external condyl of the os fe- 


moris, adhering in its deſcent to the capſular liga- 
ment of the knee. Paſſing under the gemellus, it 
ſoon terminates in a thin tendon, which is the longeſt 
in the body, and which is inſerted into the inſide of 
the back part of the os calcis. It co- operates with 
the former muſcle in extending the foot, and alſo 
pulls the capſular ligament of the knee from 
between the bones, and prevents it from being 
pinched. 
The flexors of the ſhox are four, two of which 
belong to the tibia and two to the fibula. 


The tibialis anticus proceeds from the upper and 


fore part of the tibia, and from the interoſſeous li- 
gament. Near the extremity of the tibia it ſends 
off a round tendon, which paſſes under the ligamen- 
tum tarſi annulare near the inner ankle. It is in- 
ſerted into the inſide of the os cunciforme internum 
and the poſterior end of the metacarpal bone, which 
ſuſtains the great toe. The effect of this muſcle is 
to bend the foot, by drawing it upwards, and at the 
ſame time to turn it inwards. = 
The tibialis poſticus proceeds from the upper 
part of the tibia near its union with the fibula, then 
paſſing through a perforation 1 in the interoſſeous li- 
gament, it continues its origin from the interoſſeous 
ligament, and from the upper half of the tibia, 
| receiving alſo a few fibres from the fibula. It _— 
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off a round tendon, which paſſes in a groove behind 
the malleolus internus. It is inſerted into the inner 
part of the os naviculare, and into the adjacent 
bones, at the internal and upper part of the foot. 
This muſcle alſo bends the foot, and turns it in- 
wards. 

The two flexors which proceed "ham the fi- 
bula are, 

The peroneus longus, which ariſes from the fore 
part of the head of the fibula or perone, and alſo 
continues to receive fibres from the external part 
of this bone almoſt as low as the ankle. Its tendon 
runs in a channel at the back part of the outer an- 
kle, thence being reflected to the ſinuoſity of the 
os calcis, it runs in a groove in the os cuboides, and 
paſſing cloſe to the bones in the ſole of the foot, it 
is inſerted chiefly into the metatarſal bone of the 
great toe. This muſcle moves | the foot outwards 
and alittle upwards. | 

The peroneus brevis ariſes from the outer 
and fore part of the fibula. Its tendon paſſes be- 
hind the outer ankle, in which ſituation it is retained 
by the ſame ligament as that of the laſt muſcle. It 
is inſerted into the root and external part of the 
metatarſal bone cf the little toe. This muſcle alſo 
moves the foot outwards and a little upwards. 

The common extenſors of the toes are, 

The extenſor longus digitorum pedis, which 
ariſes from the upper, outer, and fore part of the 
tibia, interoſſeous ligament, and inner edge of the 
fibula. It divides into four tendons under the liga- 
mentum tarſi annulare. It is inſerted by four flat 
| tendons 1 into the roots of the firſt joints of the four 
4 ſmall 


\ 
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ſmall toes. Its uſe is to extend all the joints of 
theſe toes. A portion of this muſcle is inſerted 
into the metatarſal bone of the little toe, aſſiſts 
in bending the foot, and is called the Peroneus 
tertius. | 

The extenſor brevis Al pedis ariſes from 
the fore and upper part of the os calcis, is inſerted 
into the tendinous expanſion at the upper part of 
the foot, and extends the toes. 

The common flexors of the toes are, 

The flexor brevis digitorum pedis, which ariſes 
from the lower part of the os calcis. Its thick fleſhy 
belly ſoon divides into four tendons, which, after 
being pierced by thoſe of the following muſcle, 
are inſerted into the ſecond phalanx of the four 
{mall toes. This muſcle bends the ſecond Joint of 
theſe toes. 

The flexor longus digitorum pedis Ai from 
the upper and back part of the tibia, ſome diſtance 
below its head. In its courſe downwards it is in- 
creaſed by fleſhy fibres from the inner edge of the 
tibia, and by means of tendinous fibres is connected 
to the outer edge of that bone. Paſſing under two 
annular ligaments, which retain its tendon in its pro- 
per ſituation, it is received into a ſinuoſity at the 
inſide of the os calcis, and about the middle of the 
ſole of the foot divides into four tendons, which 
perforate thoſe of the flexor brevis, and are inſerted 
into the extremity of the laſt joint of the four 
ſmall toes. Its uſe is to bend the laſt joint of the 

Vol. III. — 0 This 
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This muſcle receives, in the ſole of the foot, ano- 
ther, which ariſes from the inſide of the os calcis, 
nnd which increaſes its ſtrength. 

The lumbricales pedis are four ſmall muſcles 
in the ſole of the foot, ſo called from their reſem- 
blance in ſize and appearance to earth- worms; they 
ariſe from the four tendons of the flexor digitorum 
longus, and are inſerted into the inſide of the firſt 
joint of the four ſmall toes. Theſe muſcles render 
the flexion of the toes more extenſive, and draw 
them inwards. 

The muſcles ſituated chiefly on the foot are thoſe 
deſigned for the motions of each of the toes in par- 
ticular. To the great toe belong five muſcles. Of 
theſe, one extends it, two bend it, one draws it out- 
wards, and another inwards. 

The little toe, beſides the common flexors and 
extenſors, has two muſcles proper to itſelf. One of 
_ theſe draws it outwards, and the other contributes 
to its flexion. - | 

Between the metatarſal bones are alſo fs ſeven 
muſcles, called the interoſſei interni et externi. The 
internal interoſſei are three in number; their uſe is 
to draw the three ſmaller toes towards the great toe. 
The external interoſſei are four; of theſe, the firſt 
ſerves to move the fore-toe towards the great- toe; 
the other three draw the three toes next the great 


toe outwards, All the interoſſei aflift in extending 


the toes. 
The tranſverſalis pedis ariſes from the under 
part of the anterior extremity of the metatarſal bone 
of the great toe, and terminates at that of the me- 
tatarſal bone of the little toe. By the 1 
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of this muſcle the great and little toes are brought 
nearer. 

The muſcles fituated in the foor are covered 


and protected by a ſtrong tendinous expanſion, 


which paſſes from the os calcis to the firſt you: of 
all the toes. x 


02 CAN. 


E109 % nn 
ee e KY. 
' MUSCLES OF THE SUPERIOR EXTREMITIES: 


Scapular Muſcles. Muſcles 1 the Fore- arm. —0 the Hand.— 
O the Fingers. 


— 


H E pectoralis major and latiſſimus _ he 
already been deſcribed. 

The muſcles which are ſeated on EY TY 
and which are inſerted into the os humeri, are, 

The ſupraſpinatus, which ariſes, as its name ex- 
preſſes, from that part of the ſcapula which is above 
its ſpine; it paſſes under the acromion, adhering 
to the capſular ligament of the os humeri, and is 
inſerted into the large tuberoſity on the head of 
that bone. Its uſe is to raiſe the arm upwards, and 
to draw the capſular ligament from between the 
bones, fo that it may not be hurt by compreſſion. 

The infraſpinatus, which originates from all that 
part of the baſe of the ſeapula that is between its 
ſpine and inferior angle; and alſo from the ſpine as 
far as the cervix ſcapulæ. Its tendon, running for- 
wards, is connected with the capſwar ligament, and 
terminates in the middle and upper part of the pro- 
tuberance on the head of the os humeri. This 
muſcle rolls the humerus outwards, ſupports the 
arm when raiſed, and alſo aſſiſts in raiſing it, and 
pulls the ligament from between the bones. 

The teres minor ariſes from the inferior coſta of 
the N mn Is inſerted into the back part of the 
* 8 | tuberoſity 
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tuberoſity on the head of the os humeri. Its uſe is 
to roll the humerus outwards and draw it back- 
wards, and by its connection with the capſular li- 
gament of the os humeri, to draw it from between 
the bones. 


The teres major ariſes from the inferior angle and 
inferior coſta of the ſcapula ; its fleſhy fibres are 


continued over part of the infraſpinatus muſcle, to 


which they firmly adhere. It is inſerted, by a broad 


and thin tendon, along with the latiſſimus dorſi, 


into the ridge at the inner ſide. of the groove for 
lodging the tendon of the long head of the biceps. Its 
effect is to roll the humerus inwards, and draw it 
backwards and downwards. 


The deltoides ariſes from the clavicle, proceſſus 


acromion, and the ſpine of the ſcapula; from theſe 
origins its faſciculi converge, forming a covering to 


the anterior part of the joint of the os humeri. It 


is inſerted into a rough protuberance in the outer 


fide of the os humeri, The chief effect of this 


muſcle is to raiſe the arm ; but from the different 
direction of its fibres, it may alſo move it back- 
_ wards or forwards. 


The coraco-brachialis ariſes from the fore part of 


the coracoid proceſs of the ſcapula, is inſerted into 
the middle and inner ſide of the os humeri, and 
moves the arm upwards and forwards, 

The ſubſcapularis ariſes from the whole naw 


ſurface of the ſcapula ; after being connected to 


the capſular ligament, it is inſerted into the upper 
part of the ſmall internal protuberance at the head 


of the os humeri. It rolls the os humeri inwards, 
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draws it to the ſide of the body, and draws the 
capſular ligament from between the bones. 

The muſcles ſituated on the os humeri, and which 
move the fore- arm, are only four; two being placed 
before for the flexion of the joint, and two behind 
for its extenſion. Thoſe placed before are, 

The biceps flexor cubiti, which conſiſts of two 
heads, which unite about the middle of the os hu- 
meri. Of theſe the ſhorter riſes from the coracoid 
proceſs of the ſcapula; the longer and outermoſt 
begins from the upper edge of the glenoid cavity 
of the ſcapula, paſſes over the head of the os hu- 
meri within the joint, and in its deſcent without the 
joint is incloſed, by a membranous ligament, in a 
groove near the head of the os humeri. This 
muſcle is inſerted, by a ſtrong roundiſh tendon, into 
the tubercle on the upper end of the radius inter- 
nally. Its effects are to bend the fore arm, and to turn 
the radius outwards, and ſo bring the palm of the hand 
uppermoſt. Part of the tendon proceeding from this 
- muſcle is alſo ſpent in a tendinous expanſion, which 
covers all the muſcles at the inſide of the fore arm, 
and joins with another tendinous membrane, which 
is ſent off behind from the triceps extenſor cubiti. 
The uſe of theſe expanſions, as in other parts of the 
body, is to confine the motions of the muſcles, to - 
protect them, and to give origin to a number of 
fibres. OS 
The brachialis internus ith from the os damen 
at each ſide of the inſertion of the tendon of the 
deltoides. Being cloſely applied to the inferior and 
inner part of the os humeri, it runs over the joint, 
is ey attached to the * and is inſerted 
into 


i 
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into the coronoid proceſs of the ulna. It aſſiſts the 


former muſcle in bending the fore- arm. 
Behind are 


The triceps extenſor cubiti which conſiſts of 


three heads ; of theſe one proceeds from the infe- 


rior coſta of the ſcapula, another from the upper 


and outer part of the os humeri, and the third fron 
the back part of that bone. Theſe three heads, 


when united, form a large muſcle, which is cloſely 


applied to the poſterior part of the humerus, from 
which they receive ſome muſcular fibres. This 
muſcle is fixed to the upper and outer part of the 
olecranon of the ulna. 

The anconæus ariſes from the external condyle 
of the os humeri, and is inſerted into a ridge on the 
outer and poſtetior edge of the ulna. It aſſiſts in 
extending the fore arm, 

The muſcles ſituated on the fore arm may be 
divided into four orders: 1. Flexors and extenſors 
of the whole hand. 2. Flexors and extenſors of 


the fingers. 3. Supinators and pronators, or thoſe 


which roll the radius on the ulna. 4. Flexors and 
extenſors of the thumb and fore Rey. | 

The firſt order conſiſts of three flexors and three 
extenſors, The flexors are, 


The palmaris longus, which ariſes from the inner 
condyle of the os humeri, and is inſerted partly into 


the annular ligament, which confines the tendons 
ſeated in the wriſt, and partly into the tendinous 
expanſion, which covers the palm of the hand. 
This muſcle bends the wriſt ng ſtretches this mem- 
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dhe palm downwards. 


. digiti. It aſſiſts in contracting the palm of the 
hand. This ſmall muſcle is commonly conſidered 
as belonging to the former. 
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The palmaris brevis, which originates from the 
annular ligament and tendinous expanſion on the 
palm of the hand, and is inſerted into the os piſi- 
forme, and the ſkin covering the abductor minimi 


The flexor carpi radialis proceeds from the inner 
condyle of the os humeri, and is inſerted into the 
metacarpal bone of the fore finger. It bends the 
hand and aſſiſts in its pronation, that is, in turning 


The flexor carpi ulnaris ariſes alſo from the in- 
ternal condyle of the os humeri, and alſo from the 
outer fide of the olecranon. It is inſerted into 
the os piſiforme, and aſſiſts in bending the wriſt, 
The extenſors of the whole hand are, 

The extenſor carpi radialis longior, which ariſes 
from the lower part of the external ridge of the 
os humeri, above its external condyle. It is in- 
ſerted into the upper part of the metacarpal 
bone, which ſupports the fore finger. Its effect 
is to extend the wriſt and bring che hand back- 
wards. 5 

The extenſor carpi radialis bac” ariſes from 
the outer part of the external condyle of the hu- 
merus, and from the ligament which connects the 
radius to it, It is inſerted into the upper part of 
the metacarpal bone of the middle finger, and ex- 
tends the wriſt. | 

The extenſor carpi ulnaris ariſes from the ex- 
ternal condyle of the os humeri, and alſo receives 
an acceſſion of fibres in its progreſs from the 

ulna. 
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ulna. Its round tendon is confined by a mem- 
branous ſheath in a groove, which is ſituated at 
the extremity of the ulna. It is inſerted into the 


upper part of the metacarpal bone of the little fin · 
ger, and aſſiſts in extending the wriſt. 


The flexors and extenſors of the four fingers! are, 


The flexor ſublimis perforatus, which ariſes 


from the internal condyle of the os humeri, the inner 
edge of the coronoid proceſs of the ulna, and the 


upper and anterior part of the radius. It ſends off 


four tendons before it paſſes under the ligament of 


the wriſt, which being divided for the paſſage of 
the tendons of the following muſcle, are inſerted 
into the anterior and upper part of the ſecond bone 
of each finger. It bends the ſecond Joints of the 
fingers. 8 

The flexor okuadus a which. origi- 
nates from the upper part of the ulna, and from a 
conſiderable part of the interoſſeous ligament. It 
divides into four tendons, which paſs through the 


| flits in the tendons of the preceding muſcle, and are 


| inſerted into the upper part of the laſt bone of the 
four fingers. Its uſe is to bend the laſt joint of the 
fingers. 

The lumbricales ariſe ha the four n of 
the preceding muſcle, and are inſerted into the outer 
ſides of the broad tendons of the interoſſei muſcles. 
They increaſe the flexion of the fingers. 

The extenſor digitorum communis ariſes from 
the outer condyle of the os humeri, and is inſerted 


into the poſterior part of all the fingers by a tendi- 


nous expanſion, It extends the joints of all the 
fingers. ph | 
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202 5 Muſcles of the [Book IX, 
The muſcles, which roll the radius on the ina, 
Are, 
The por radii longus, which 405 from 
the external ridge of the os humeri, above the 
external condyle. It is inſerted into the outer 
ſide of the inferior extremity of the radius. Its 
effect is to roll the radius outwards, and conſe- 
quently to turn the palm of the hand upwards. 
The ſupinator radii brevis, which ariſes from the 
external condyle of the os humeri, and poſterior ſur- 
face and outer edge of the ulna. It is inſerted into 
the head, neck, and tubercle of the radius. It rolls 
the radius outwards, and turns the palm of the hand 
upwards. 

The pronator radii teres, which originates from 
the internal condyle of the os humeri and coronoid 
proceſs of the ulna. It is inſerted into the poſterior 
part of the radius, about the middle of that bone. 
Its effect is to roll the radius, with the hand, inwards, 
and conſequently to turn the back of the hand up- 
wards, or to lay the hand prone. 

The pronator radii quadratus ariſes from the 
inner and lower part of the ulna. Its fibres, run- 
ning tranſverſely, are inſerted into the anterior part 
of the radius oppoſite to their origin. 

For the motion of the thumb are placed i in the 
fore- arm, | 

The flexor longus pollicis manus, which origi- 
nates from the upper and fore part of the radius ; 
its tendon paſſes under the ligament of the wriſt, and 
is inſerted into the laſt j Joint of the thumb, which it 
ferves to bend. n 

The extenſor oſſis metacarpi pollicis manus, 
which ariſes from the middle and poſterior part of 

| the 
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the ulna, from the middle and poſterior part of the 
radius, and ffom the interoſſeus ligament. It is 

inſerted into the os trapezium and upper back part 
of the metacarpal bone of the thumb. Its effect is 
to extend the metacarpal bone of the thumb out- 
wardly. 

The extenſor primi internodii ariſes 0 the 
poſterior part of the ulna, and from the interoſſeous 
ligament. It is inſerted into the poſterior part of 
the firſt bone of the thumb, which it extends ob- 
liquely outwards. 

The extenſor ſecundi 3 ariſes from 
the middle and back part of the ulna, and from 
the interoſſeous ligament, and is inſerted into the 
laſt bone of the thumb, which it extends obliquely 
backwards. 

To the fore finger belag = 

The indicator, which begins from the poſterior 
part of the ulna, about the middle of that bone. Its 
tendon, accompanying that of the extenſor digito- 
rum communis, which belongs to the ſame fin- 
ger, they are inſerted together into its upper part. 
Its effect is to extend the fore finger, whence its 
name of indicator, as that is the finger with which 
we uſually point at any object of attention. 


The muſcles ſeated in the hand may be divided 


into thoſe of the thumb and thoſe of the fore and 


little fingers. 
The flexor brevis pollicis manus ariſes from the 


os trapezoides, annular Wee os magnum, and 


os unciforme, and is inſerted into the ſecond joint 
of the thumb, which it ſerves to bend. 
The 
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The flexor oſſis metacarpi pollicis, or opponens 
pollicis, ariſes from the os trapezium and ligamen- 
tum carpi annulare. It is inſerted into the under 
and anterior part of the firſt bone of the thumb. 
Its effect is to bring the thumb inwards, ſo as to place 
it in oppoſition to the fingers. | 

The abductor pollicis manus commences from 
the ligamentum carpi annulare and from the os tra- 
pezium, and is inſerted into the outer ſide of the 

root of the firſt bone of the thumb. Its uſe is to 
draw the thumb from the fingers. 

The adductor pollicis manus ariſes from the 
metacarpal bone which ſuſtains the middle finger, 
and is inſerted into the inner part of the ot of the 
firſt bone of the thumb. This e pulls me | 
thumb towards the fingers. 

The thumb has, therefore, in all, 12 muſcles, 
ſour ſeated in the fore- arm and four in the hand. 
Of the whole eight, three are flexors, three exten- 

_ one is an abductor, the other an adductor. 
One muſcle, the indicator, proper to the fore- 
ber and ſeated in the fore- arm has been already 
deſcribed; another muſcle proper to this Hager is 
ſeated in the hand; it is called | 

The abductor indicis manus, and ariſes from the 
inner fide of the firſt bone of the thumb and from 
the os trapezium, and is inſerted into the firſt bone 
of the fore-finger, It ſerves to bring the fore- 
finger towards the thumb. | 

To the little finger belong | 

The abductor mipimi digiti, which ariſes from 
the os piſiforme and the adjacent part of the annu- 
lar ligament. It is inſerted into the ſide of the firſt 


bone 


e 


dey 
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bone of the little linger, which it draws from the 
reſt. 

The adductor metacarpi minimi digiti manus, 
which ariſes from the os unciforme and the adja- 
cent part of the annular ligament ; it 1s inſerted into 
the anterior part of the metacarpal bone of the little 
finger, which it draws towards the reſt. | 

The flexor parvus minimi digiti ariſes from the 
os unciforme, and from the ligament of the wriſt 
near it, and is inſerted into the firſt bone of the lit- 
tle finger. It bends the . finger, and aſſiſts the 
e 

Between the 1 bones there are four in- 
ternal and three external muſcles, named interoſſei. 

They are inſerted into the roots of the fingers. 
The interoſſei interni extend the fingers, and 
move them towards the thumb, except the third, 

which draws the middle finger from the thumb. 

The interoſſei externi alſo extend the fingers; 

but the firſt draws the middle finger inwards, the 

ſecond draws it outwards, and the third draws the 

ring-finger inwards. 


The figure i in Plate IV. repreſents the firſt layer 
of muſcles ſituated on the anterior part of the whole 


body, immediately under the common integuments, | 
and tendinous faſciz. 


MuscLEs fituated on the Ht ap and Nx ck. 
42, The anterior fleſhy belly of the occipito-fron- 
talis ſituated on the os frontis. 

Above a, the tendinous aponeuroſis of the acci- 
pito-frontalis, covering the upper _ of the 
parietal bones. 

2, Attollens aurem. | | 
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Under it the tendinous aponeuroſis covering the 

temporal muſcle. 

Anterior auris between c and the ear. 

c, Orbicularis palpebrarum. 

Its tendon is ſeen at the inner canthus, fixed to 
the naſal proceſs of the ſuperior maxillary bone. 
Levator labii ſuperioris alæque naſi. 

Seen divided into two portions running down 
along the ſide of the noſe; and on the out- 
ſide of it, the levator anguli oris. 

Next this, the 

Zygomaticus minor. 

Farther outwards, 

Zygomaticus major. 

On the ala and tip of the noſe, the 

Compreſſor naris. 

d, Depreſſor anguli oris. | 

And beneath it, a portion of the depreſſor labii 
inferioris. 

e, Orbicularis oris | 
}, Platyſma-myoides. 5 | 

Behind /, the ſterno- cleido-maſtoidzzus is ſeen 

1 che platyſma-myoides. | 


ra vn. 


a, Pectoralis major. 


The upper part of it is covered by © origin of 
the platyſma-myoides. 
b, Serratus magnus. 


The other portions nds this, 
e, Latiſſimus dorſi. 


g, Obliquus externus deſcendens, 8 : 
| | e, Linea 
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e, Linea ſemilunaris. 
„ Linea alba. 
Below V the umbilicus. 
Between e and f, the rectus abdominis; and, at 
the inferior part of the linea alba, oppoſite to g. 


the pyramidales appear through the tendons 
of the oblique muſcles. 


2 Ring of the external oblique muſcle; with the 
ſpermatic chord, paſſing through it, and co- 
vered by the cremaſter muſcle. 


SUPERIOR EXTREMITY. 
4, Deltoides. 


Above the clavicle, a portion of the trapezius i is 


ſeen. 
, Biceps flexor cubiti. 
At the bending of the arm is ETD its tendon 
going towards the radius, and the part, from 


which the tendinous aponeuroſis that covers 
the fore-arm, is cut off. 


On the inſide of the biceps, part of the a 


_ extenſor cubiti ; and on the outſide, part of the 


brachialis internus. 

c, Supinator radii longus. 

d, Pronator teres. 

e, Palmaris longus. 

5 Palmaris brevis. 

On the palm of the hand, the n SY 
maris is ſeen extended from the annular liga- 
ment at the wriſt, to the roots of the metacar- 
pal bones of the four fingers. 

2 Flexor carpi radialis. 

I, Part of the flexor ſublimis perforatus, | 
* | 1 : z In- 
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o, Solæ us. 
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5, Inſertion of the flexor carpi ulnaris. 
k, Abductex . 


F n ö 


25 Teuſr vaginæ femoris, the vagina or tendinous 
faſcia being cut off. 
On the outſide of it a — 33 of the glutæus 
maximus. . 
3, Part of the iliacus intern * 
On the inſide of it, between "OY c, part of the 
pſoas magnus. 
31 ektinalis. 
d, Triceps longus. ä 
e, Gracilis. SE "24 
J, Sartrius. FO N 
£, Rectus cruris. 2 * 4 
Its tendon is ſeen inſerted into the patella, Wem 
which a ſtrong tendon is ſent to be cy to 
. the tubercle of the tibia, 
55 Vaſtus externus. 5 
i, Vaſtus internus. 
E, Tibialis n | 
I, Peronæus longus. 
On the outſide of it, a "IP of the ſolæus. 


* re 


næus tertius, and extenſor proprius pollicis Pedis 
n, Gaſtrocnemius f or gemellus. | 


395 


P, Ligamentum tarſi annular, 2 
75 Abductor N pedis. 
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Chap. 1. Muſcular Plates. „ 


The figure in Plate V. repreſents the ſecond layer 
of muſcles on the anterior part of the whole body. 
MusCLES ſituated on the HEAD and NECK, 

a, Corrugator ſupercilii, 
2, Temporalis. 
c, Maſfeter. Y 
d, Levator anguli oris. 
e, Buccinator. 
5, Orbicularis oris. 1 
Oppoſite to the right ala nal, thy portion of this 
muſcle, which Albinus Names, 
Naſalis labii ſuperioris. 
2, Depreſſor labii inferioris. 
5, Sterno-cleido-maſtoideus, which is 
Seen below, ariſing from the ſternum and cla- 
| vicle, by two heads. 
5 Sterno-hyoideus. 
On the outſide of i it, che 
Omo-hyoidæus. 
Further out, a portion of che 
Hyo-thyroidæus. 
„ Levator ſeapulæ. 


| Trunk A 
a, Subclavius. 
3, Pectoralis minor. 
c, Serratus magnus. 
d, Rectus abdominis, divided into ſeveral de por - 
tions by its tendinous internen 
e, Pyramidalis. 
V Obliquus aſcendens internus. 
85 e cord, with the ongin of the ater 5 
| muſcle. 
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Explanation of the Shock x. 


ERIOR, EXTREMITY, 


a, N flexor cubiti. 
b, Short head of the biceps. 
Beneath the upper part of it, a portion of the 
coracobrachialis. 
Beneath the under part, a Portion of the brachia- 
lis internus. i 
c, Long head of the biceps. 
At the bending of the arm, the 3 of the 
.. biceps, and the place where the tendinous apo- 
neuroſis was cut from it, are ſeen. 8 
d, Extenſor carpi radialis longio .. "AN 
Beneath it a portion of the 92 
Extenſor carpi radialis brevior. & 
e, Flexor. ſublimis perforatus. 85 | 
5 Inſertion of the extenſor carpi ulnaris. 
z, Extenſors of the thumb. 3 


, Opponens pollicis. 


On the inſide of it, a portion of the 
Flexor pollicis brevis. 


i, Tendon of the flexor longus rollich manus, after 


paſſing through the flexor brevis pollicis manus. 
, Abductor minimi digiti manus. 
I, Flexor parvus minimi digiti manus. 
, Ligamentum carpi annulare. 


INFERIOR EXTREMITY. 
a, Iliacus internus. 


Between à and b, part of he pl magnus. 
6, Pectinalis. 
c, Triceps longus. 
d, Gracilis. 4 
e, Rectus « cruris cut offi near its We. 
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Chap. 13. J. 

55 Tendon of the rectus cruris cut off above the pa- 
telld, from which a ſtrong tendon is ſent to be 
inſerted into a tubercle of the tibia. 

g. Portion of the glutzvs medius. 


On the inſide of it, part of the glutzeus n minimus, 
b, Vaſtus internus. 


„, Vaſtus externus. 
, Cruræus. 
„ Inſertion of the biceps flexor cruris into the fibula. 


n, Tendons of the gracilis and ſemitendinoſus in- 
ſerted into the tibia. 

n, Solæus. | 

0, Peronæus longus. | | 

p, Extenſor longus digitorum, with the 8 
tertius on the outſide, and extenſor pollicis 

proprius on the inſide. 
7, Solæus. 
, Flexor longus digitorum. 


/, Tendons of the tibialis poſticus and flexor "TIO 
digitorum pedis. 


„ Flexor brevis digitorum pedis. 


The figure in Plate VI. repreſents the third layer 
of muſcles, with ſome of the ligaments, cartilages, 


and naked bones on the anterior part of the whole 
body. 


a, Depreſſor labii ſuperioris alæ que naſi. 
J, Orbicularis oris, after moſt of the muſcles, which 


are fixed to it; and aſſiſt to form it, have been 
taken-away. 


6, Buccinator. 


Above c, part of the pterygoidæus externus is 


ſeen paſſing behind the coronoid proceſs of the 
lower; Mo; 


P 2 d, Levator 
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212 Explanation f the [Book IX. . 
d, Levator labu inferioris. | 
e, Sterno-thyroidæus. 
Immediately above, and ſcemingly the canti- 
nuation of it, the 
Hyo-thyroidæus. 
7. Scalenus anticus. 
Contiguous to it, on the inſide, the 
Scalenus medius. 
Above it, a portion of tlie 
Trachelo-maſtoidzus, 
Between the ſcalenus anticus, and ſterno-thy- 
roideus, and hyo- chyroidæus, the 
Rectus capitis anterius major, and 
Longus colli. „ = 


| TRUNK. 
2, Third row of external intercoſtal muſcles. 


The reſt appear in the ſame manner between the 
other ribs. 


2, Third row of internal inder muſcles. 
The reſt appear between the other ribs. 

c, Tranſverſalis abdominis. 
d, The place from which the inferior part of the 
tendon of the tranſverſalis, that paſſes before 
the rectus and pyramidalis muſcles, is cut off. 
Between theſe portions of each ſide, the perito- 
næum is laid bare, and the ligaments of the 
bladder, which were formerly the umbilical ar- 
teries and urachus. 
Between this portion and the os pubis, the ſper- | 

matic cord 1s ſeen cut. 

e, The inferior edge of the upper part of the tendon 
of the cranſverſalis which paſſes behind the 
rectus, 


Chap. 14.] | Muſcular Plates. | 21 3 


rectus, and immediately adheres to the peri- 
tonæum. 8 
5, The anterior lamella of the internal oblique, 
which joined the tendon of the external to 9 
over the rectus. 
Between F and g, the poſterior lamella of the in- 


ternal oblique, joining with the tendon of the 


-, _tranſverſalis, to paſs behind the rectus. 

2, The place at the linea alba, from which the ten- 
don of the external oblique, and anterior la- 
mella of the internal, were cut off. 

At g, Umbilicus, 


4 


SUPERIOR EXTREMITY» 


a, ; Subſcapularis | . 
5, Teres minor. 
c, Coraco- brachialis. 

The part from which the ſhort bead of the biceps 
flexor cubiti was cut off from it, is ſeen at its 
upper end. 

d, Brachialis internus. 


e, Brachialis externus, or third head of the triceps. 


+ Extenſor carpi radialis longior, and with it the 


extenſor carpi radialis brevior. 
Both theſe are diſtinctly ſeen in the right hand. 
Between the tendon of the brachialis internus 
and extenſor radialis, the * 
Supinator radii brevis is ſeen. 5 ; 
2, Flexor longus pollicis manus, with the fleſhy por- 


tion of it which ariſes from the internal con- 


dyle of the os 2 


1 . Flexor 
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214 | e of te 3 Ix. | 
h, Flexor profundus perforans, which ſplits into four | 


3, Tliacus internus. * > 


1 
* 
iv 
1 
41 
| 1 
1 
19 
1} 
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tendons, which paſs under the ligamentum 
carpi annulare. 
, Pronator quadratus. 
k, Adductor minimi digiti manus. 
], One of the lumbricales. | 
The other three appear in the ſame manner, 
along the tendons of the flexor profundus, 
Behind theſe, the internal interoſſei are ſeen. 


1 Rad de 


a, Glutæ us minimus. 


On the inſide of it, between & and c, thEpk 
magnus. | 
c, Obturator externus. 
4, Adductor brevis femoris. 
e, Adductor magnus femoris. 
V Gracilisz which is | 
Seen inſerted 1 into the inſide of the head of the 
tibia. f 
g, The ſhort head of the dien flexor cruris, 
Y, Peronæus longus. 


Between theſe two peronæi and tibia, the tibialis 
poſticus is ſeen. 
k, Tendon of the tibjalis poſticus, covering the 
tendon of the flexor longus digitorum pedis, 

h Extenſor p * dero pedis. 1 
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Chap, 14.1 
The figure in Plate VII. repreſents a back view 


of the muſcles, which are immediately ſituated 
below the co integuments. 


Ha 4 "as NxeCk. - 


2, Part of the occipito-frontalis muſcle, with its 
aponeuroſis. 


6, Attollens aurem. 
c, Anterior auris. 5 
d, Retrahentes auris. 


Tauxx. 


a, Trapezius, or cucularis. 
„ Ats tendinous edge joining with its fellow in the 


nape of the neck, which is called leenen * k- 


much or colli 3 55 

c, The fleſhy belly of the NAtiſſimus dorſi. 

4, The tendon of the latimus dorſi, Which ariſts 
in common with the ſerratus poſticus inferior. 


e, Part of the obliquus externus abdominis. 


SUPERIOR EXTREMITY. 

a, Deltoides. | 1 a 

35 Infraſpinatus, with a portion of the 4 teres minor 
and major below it, 

c, Triceps extenſor cubiti, 

Its tendon is ſeen inſefted! into the, FR of the 

ulna, called olecranon ; 3 an 
the anconeus. * 8 

4, Extenſor carpi radialis 3 covered by a por- 


tion of the ſupinator radii longus ; and, under - 


it, a portion of — exte 
breviort.. 
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and, on che inſide of it, 
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and are loſt in a broad tendon, which covers 


, Extenſor oſſis metacarpi pollicis manus. 

g, Extenſor primi internodii pollicis manus. 

B, Extenſor ſecundi internodii pollicis manus. 
i, Extenſor carpi ulnaris 

&, Part of the flexor carpi ulnaris. 


Flexor profundus perforatus. 1 


Flexor ſublimis perforatus, which are more diſ- 
tinctly ſeen on the 


4, Glutzus maximus. 

3, Part of the glutæus medius. 

c, Part of the tenſor vaginæ femoris. 

d, Vaſtus externus. | 
e, The long head of the biceps flexor cruris: 


7 Part of the ſhort head. % 5 roy 
. Semitendinoſus: . 
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e, Extenſor digitorum communis manus, which 


ſplits into four tendons, and paſs with the in- 
- dicator, under the ligamentum carpi annulare 
externum, at the extremities of thè metacarpal 
bone, under ligaments proper to themſelves; 


the back of the four fingers. 


"Under it, part of the 


And on the inſide, part of the KA 


mehr fore-arm. Likewiſe, 
on the right hand, a een part of the ab- 
ductor pollicis 


manus, and the aponeuroſis palmaris. 


4 
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And beneath, it, 


And benearh a, on each de, 


anu us, abductor minimi digiti 
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On the outſide of it, 

A portion of the adductor magnus is ſeen, 

i, A ſmall part of the vaſtus internus. 

k, Gaſtrocnemius externus, or gemellus; 
And within its outer head, 

A portion of the plantaris. 

}, Solæus or gaſtrocnemius internus. 

n, Tendo Achillis, with the N 

n, Peronæus longus. 

o, Peronæus 8 ; between it and the mals 
Achillis, a portion of the flexor longus digito- 
rum pedis. 

p, Tendons of the extenſor longus digitorum pedis, 


with the peronæus tertius, paſſing under the 


ligamentum tarſi annulare; and the flexor 
brevis digitorum pedis 1 is ſeen beneath them. 
9, Abductor minimi digiti pedis; and above it 
the tendons of the peronæus longus and bre- 
vis, paſſing under proper ligaments of their 
own. 


T he 8 in Plate VIII. 8 the ſecond 
layer of the muſcles on the back- part of the 
body. 


HEAD and NECK. 
a, Temporalis ; its tendon 1} * ſeen N below * 
⁊2vygoma. L 
+, Maſſete.. , 
c, Splenius capitis et colli. 
9, Portion of the camplexus. 
e, Levator ſeapuler or the mul Patient. 


x, 


TRUNK. 


: 
i 
g 
f 
| 
' 
. 
| 
: 
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TRUNK. | 

a, Rhomboides major. 

2, Rhomboides minor: | 

And immediately above i it, the upper Ge of the 

| ſerratus poſticus ſuperior is ſeen. 

| c, The ſerratus poſticus ſuperior on the right ſide. 

d, Serratus poſticus inferior. 

e, Part of the ſpinalis dorſi. 

5, Part of the longiſſimus dorſi. 

g, Part of the ſacro lumbalis. 

b, Serratus magnus. 

7, The broad tendon, by which the latiſſimus dorf 
begins, and from which the tendon of the ſer- 
ratus poſticus inferior is inſeparable. | 

E, Part of the obliquus internus aſcendens abdominis. 

I, The ſphincter ani, fixed to the point of the os coc- 

gis; at the ſide of which the coccygæus, 


and a portion of the levator ani, are ſeen, 


SUPERIOR EXTREMITY. 


a, Supra-ſpinatus. 
b, Infra- ſpinatus. 
c, Teres minor. 


d, Teres major. 
e, Triceps extenſor cubiti. 


V Its head called longus. 

g, The brevis: And, 

h, A ſmall portion of the third head, Wel bra- 
chialis externus. 


, The tendon of the triceps, inſerted | into the ole- 
cranon. 


wy | | þ 1 Par [of 


% 
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k, Part of the brachialis internus. | 

V Anconæus, which ſeems to be continued from that 
part of the brachialis externus nen 
above .. 

m, Extenſor carpi racialis longior ; and beneath i it, 

the brevior : both are ſeen at the wriſt, inſerted 

into the metacarpal bones of the fore and mid- 
dle fingers. 

u, Flexor carpi ulnaris. 

o, Part of the ſupinator radii brevis. 

i Extenſor oflis metacarpi pollicis manus. 

q, Extenſor primi internodii pollicis manus. 

7, Extenſor ſecundi internadii pollicis manus. 


/ Indicator, inſerted into the root of the firſt joint 


of the fore-finger. 

, One of the three external interofſei manus. The 
_ Other two are diſtinctly ſeen without letters. 
1, One of the tendons of the extenſors of the fingers 
cut; and the ſame is ſeen in each of the other 

three fingers, joining with the tendons and apo- 
neuroſes of the interoſſei and lumbricales, and 
ſpread upon the back of the fingers. f 

N. B. On the right hand, part of the flexors of 
the fingers, the abductor ſpollicis and minimi 
Cigiti, are ſeen, 


INfERIOR EXTREMITY, 


a, Glutæus medius. 

b, Pyriformis. 

6, The two muſcles called ceminijh between which 
the tendon and; fleſhy belly of the obturator 
internus r over the tuberoſity of the os 

0 iſchium, 
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* 


. | vered by the coccygæus and e ani. 
Fi 1 d, Quadratus femoris. 


e, Vaſtus externus. * a 


7, Parts of the triceps magnus. 


g, Long head of the triceps flexor cruris, and be- | 


neath it part of the ſhort head is ſeen. 


b, Semitendinoſus, and beneath ir parts of the ſemi- 


membranoſus are ſeen on each fide of it. 


;, Gracilis, _ E 
k, A ſmall portion of. he a internus. 
1, Poplitæus. 


| ZI a T The fleſhy belly of ; and its "Wl 
Sr is ſeen paſſing over the inſide 


ſlender tendon is 
of the ſolæus. 2 
n, Solæus. ; 


2 


o, The place where the i of the 3 was 


cut off; but the 5 of me ſolæus runs N 


down. 
ps Tendo Achillis, with the Ma. 


| 
; 
= 
| 


the ſole of the foot; beneath it, the peronæus 
brevis to the root of the metatarſal bone of the 
little toe; and, between it and the tendo 


torum pedis. 
7, Tendons of the extenſor Jongus digitorum pe- 


| theſe, the extenſor brevis digitorum pedis. 
£ Fiera brevis minimi digt pedis, 
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iſchium, are ſeen within the pelvis, partly co- 


9. Peronæus longus, paſſing at the outer ankle to 
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Achillis, a portion of the flexor ** digi- 


| dis, with the peronzus textius; and beneata 
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Chap. 14.} 
The figure in Plate IX. repreſents the third layer 


of muſcles on the poſterior part of the body, with 


ſome of the f and naked bones. 


MusSCLES on the HEAD and NECK. 


a, Part of the buccinator, 

E, Complexus. 

c, Trachelo-maſtoidzus 4 che ourfide of it, the 
tranſverſalis colli. 

4, Scalenus medius. 

c, Scalenus poſticus. 


: . 


a, Spinalis dorſi; and beneath it, the multifidus 
une, 

, Longiſſimus dorſi which ſends off a fleſhy flip 
to the trachelo-maſtoidzus. 

c, Sacro lumbalis with the cervicalis deſcendens 

© ſent off fromit along the fide of the neck, and 
outſide of the tranſverſalis colli. 

d, Semiſpinalis dorſi. 

e, Tranſverſalis abdominis. 

N. B. The ſpaces between the ſpinous proceſſes 
of the vertebræ have muſcular faſciculi be- 
tween them, particularly thoſe of the neck; 
and are named interſpinales colli, dor, and 

lumborum; but thoſe of the b ack ſeem to be 
tendinous and ligamentous. 


Su PERI OR EXTREMITY. 
a, Teres major. 
5, Part of the coraco- brachialis. 
c, Part of the brachialis internus. : 


Muſcular Plates. 221 
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q, The third head of the triceps extenſor cubiti, 
called brachialis externus, \ 4 57 longus and 
brevis have been cut oft 
e, Extenſor radialis Iongior. 0 | | 5 
FR Extenſor radialis brevior. | 
g, Part of the flexor profilngey perfotans-_ 
B, Supinator radii brevis | 
Ii, Part of the adductor pollicis manus. 4 
| E, One of the three external interoſſet ; the other 
a f two may be eaſily genes without let- 
i | ters. "4 
* l, Tendons of the extenſolh of the fingers joining 
with thoſe of the lumbricales and interoſſei, 
which form a tendinous en on ene / 
3 I of the four fingers. 
Y; B. Orr ne right hand, p of the ey bf | 
| the fingers and thumb, part of the adductor 
pollicis, and the whole of the adductor minim 
| digiti, are ſeen. „„ 
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INFERIOR EXTREMITY. 
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a, Glutæus minimus. 


'\ 86, Obturator internus; 8 fleſhy belly is Ken within 


the pelvis. 
| Beneath , the tendon of the obturator externus. 
£ SemimembranoſWs. | 
4, The ſhort head of the By flexor cruris. 
| e, Triceps magnus. $ 
' 5 Gracilis. | | of 
5 © In the ham, the origins of the two heads 3 the 
. | gaſtrocnemius externus an 2 are ſeen. 
| | | 3 Poplitzus./ N ä 


55 Tibialis poſticus. 
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;, Flexor longus digitorum pedis. 

k, Flexor pollicis longus. 
1, Peronæus longus, running down to be inſerted 
into the metatarſal bone of the little toe. 

Beneath it, the peronæus brevis, paſſing to the 
ſole of the foot. 
m, Extenſor brevis digitorum pedis. 


u, Part of the flexor longus digitorum pedis. 
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CHAT. XV. 


THE CELLULAR SUBSTANCE, FAT, AND INTE. 
GUMENTS OF THE BODY. 


General Deſcription of the Cellular Subſtance ; its Uſes.—The 
Fat; its Uſes.—The Shin,—The Organ of Touch.—The 
Epidermis.—Cauſfe of the black Colour of the Africans, —Corns, 
——Foxtana's microſcopic Obſervations on the Efidermis,—Dnane 
tity of Perſpiration from the human Body. | 


N the preceding chapters the muſcles of the 
1 human body have been treated*of as ſo many 
diſtinct and ſeparate maſſes of fleſh. It is neceſſary, 
| however, to remark, that when the anatomiſt comes 
to trace them in the ſubject, he finds the caſe far 
otherwiſe, as moſt neighbouring muſeles are mixed 
and confuſed together by an intertexture of fibres, 
as well as by being involved in cellular ſubſtance. 

The cellular ſubſtance 1s a looſe fibrous web, and 
when filled with air plainly exhibits its real ſtruc- 
ture, viz. that of cells communicating with each 
other. 

This ſubſtance forms a great part of the body, 
as it is interpoſed between all the muſcles, all the 

faſciculi of muſcular fibres, and it ſhould ſeem alſo, 
that it involves the ultimate fibres, of which theſe 
faſciculi are compoſed. 

All the blood-veſlels alſo, and nerves, are in their 
courſe attached to the neighbouring parts by means 
of this ſubſtance. Many of the glands too, which are 
compoſed of ſmaller maſſes, are united into one 


. 


body by its intervention. It ſeems probable, indeed, 
that the membranes which inveſt the contents of 
the abdomen and thorax, and other membranes in 
other parts of the body, are compoſed of the cellu- 
lar ſubſtance in a more conſolidated ſtate; and it 


is therefore very properly conſidered as an uni- 


nt —— medium in every part of the 


The uſes of this ſubſtance are ſo 1 important, that, 
in all probability, animals could not exiſt without jr. 


By uniting the fibres of the muſcles into compact 


maſſes, it ſecures them from becoming entangled 
with each other, and with the minute blood veſſels, 
 lymphatics, and nerves, which are every where diſ- 
tributed among them. At the ſame time, however, 
that it connects together the muſcles, and preſerves 
them in their relative ſituations, it is ſufficiently looſe 
to give full play to all their motions. Ir ſerves alſo 
the purpoſe of a ſoſt and compreſſible cuſhion, in- 
terpoſed among the muſcles, and, being always 
moiſt and ſlippery, renders their motions eaſy, and 
prevents friction. 

The cellular ſubſtance alſo affords a lodgment'to 
the fat, and, together with it, fills up the interſtices 


between muſcles, and adds to the beauty, even- 


neſs, ſmoothneſs, and ſoftneſs of the ſurface of the 
body. 


The Abbe Fontana, on examining the fat of dif- 
ferent animals, found it fluid and of an oily nature. 


It was contained in very minute veſicles heaped to- 
gether, and theſe veſicles were covered with a thin 


tiſſue of twiſting fibres. On preſſing them, he 
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plainly 3 the fat ooze out on all ſides, but 


on the moſt careful examination was unable to diſ- 

cover any ducts going to or from them. 
The uſes of the fat, as has been already intimated, 

are in ſome reſpects ſimilar to thoſe of the cellular 


ſubſtance, in which it is ſeated. It involves many 


of the viſcera, particularly thoſe of the abdomen, 
and here it increaſes, in people diſpoſed to obeſity, 
to a great degree. Within the cranium, where by 
its preſſure it might i injure the dnn none of this 
ſubſtance is found. | 


The cellular ubſtanoe; b beſides Sieg the pur- 


poſes already mentioned, by being placed between 


the ſkin and the muſcles, is always conſidered as 
one of the integuments of the body. The other in- 


teguments are the ſkin, properly ſo called, 152 the 


epidermis or ſcarf ſkin. 

The ſkin 1s probably nothing more thas a con- 
denſed cellular ſubſtance, copiouſly furniſhed with 
blood-veſlels, lymphatics, and nerves, as it within 
gradually becomes leſs denſe, and is at length inſen- 
ſibly loſt in the looſe cellular ſubſtance. It covers 


the whole ſurface of the body, is tough, elaſtic, and = 


forms, by means of the nerves, which terminate in 


, particularly at the extremities of the fingers, 
Where it is moſt ſenſible, the organ of touch. 


The cutis, when freed from the epidermis, which 
is its external covering, is found to be furniſhed 
with innumerable papillz, which appear like mi- 
nute granulations ; their uſe is probably to increaſe 
the ſenſibility of the ſkin, as where it is molt ſenſi- 


| ble they are e moſt remarkable. 


fa The 


4 
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The ſkin or cutis, however, not only covers the 


outer parts of the body, bu: becoming thinner- and 
more delicate enters and inveſts internally the va- 


rious cavities which open on the ſurface. It is 


every where pierced with blood-veſlels, and in ſome 


parts with the ducts of ſmall glands, which are 
ſeated between the ſkin and the cellular ſubſtance, 
and which pour out an oily ſebacious matter for the 
lubrication of the ſurface of the body. 5 
The epidermis or ſcarf ſæin every where covers 
the true ſkin, which would otherwiſe, from its ex- 


treme ſenſibility, occaſion much uneaſineſs from the 
friction to which the ſurface of the body is ne- 


ceeſſarily expoſed. The epidermis conſiſts of a mu- 
cous ſubſtance, which is placed next the true ſkin, 


and a dry, tranſparent, and in ſome meaſure horny 
ſubſtance, which is placed outwards. 


The mucous ſubſtance, called corpus 3 a 


or rete Malpighianum, is of a conſiſtence between 
that of a ſolid and a fluid, and is often treated of 
by anatomiſts as a diſtin& covering of the body. 
The colour of it. varies according to the com- 


plexion. In fair people it is white, in brown people of 


a duſky hue, and in the Africans black. In the latter 
it is alſo more ſolid, and can be ſeparated from the 

external part of the epidermis, which cannot be 
effected in Europeans. By friction, the epidermis 
gains very much in thickneſs, as may be obſerved 


in the hands of labouring people, and in the ſoles 


of the feet of thoſe much accuſtomed to walking, 
Corns, which are nothing but hardened epidermis, 


R are 


* — Cr Bf — n N . 
- : . - rn aw rat — 
_— r 22 Wann ä — thai - — — — — 
— . ‚———— — —_— ny age una - = 
——_ - 8 E — — - = 
8 W ET 


: R's CT a, OE Wer ou 
. — 2 . 7 a ht 
: . —— —————＋—＋W— — —— 
0 2 r NE EA 


3 — wr 


= —— — — — i — — 
— P ² A <A DRY ent Hs pres 


i 
[ 
1 


— | ee 


23 3 4 


2 The Shin. [Book IX. 
are the conſequenee of che preſſure a and frietion of 
tight ſhoes *. 

"The epidermis is not furniſhed either with 
nerves or blood-veſſels, and is therefore inſenſible. 
The Abbe Fontana ſubmitted ſome very minute 
portions of the epidermis, taken from his hand, to 
examination by a microſcope which magnified ſeven 


hundred diameters. The epidermis appeared to 


be compoſed of winding cylinders, which approached 
each other, and retreated with much regularity 
and order; ſmall globules alſo were in parts per- 
ceptible. When the portion of epidermis was co- 


vered with water, it appeared more tranſparent, 


and the cylinders and globules were ſeen more diſ- 
tinctly. He could obſerve nothing, however, like 
perforations or holes in the epidermis, and there- 
fore doubts of their exiſtence. It ſeems probable, 
the Abbe Fontana adds, that the lymphatics, which 
le Pere della Torre pretends to have ſeen in the 
epidermis, were nothing but theſe winding y- 
linders. 8 

We muſt believe, however, from the quantity of 
ſenſible and inſenſible perſpiration, eſpecially in 
warm climates, where, according to Sanctorius, Who 
made his experiments in Italy, it amounts to five 
eighths of the food taken in, that there are perforations 
in the epidermis for the paſſage of exhalant arteries. 


It may be alſo added, that the appearances exhibited 


The cure of theſe diſagreeable excreſcences is very obvi- 
dus from this account; nothing is indeed required for this 
. purpoſe, but to cover them with any ſoft adheſive ſubſtance, 

which wall protect them from friction, when they will naturally 
decay, and in time come off ſpontaneoully. 


by 
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by objects ſubmitted to microſcopes of high powers 

are never much to be depended on, and have given 
riſe to numerous deceptions. 

Immediately below the fkin of quadrupeds, ex- 
cept thoſe of the porcine (ſwine) ſpecies, lies a thin 
fleſhy expanſion, called panniculus carnofus, cover- 
ing the greater part of the body, and ſurrounding 
the other muſcles. In man there is nothing ſimi- 
lar to this, excepting the platiſma myoides, or the 
occipito-frontals muſcle. The uſe of this thin 
muſcular expanſion is to wrinkle and move the * 
in order to ſhake * duſt, inſects, c. 
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Crap. XVI. 
| THE HAIR AND THE NAILS. 


Opinions of Anatomifts with reſpec to the Nature of the Hair, 

Nails, Ge. — Hair originates from the Cellular Subftance.—Fon- 

tana's Obſervations on Hair.—T he ela —T he _ Hegi, 
und Claws * Animals. 


ANY anatomiſts chuſe to call the hair, 
the nails, and the horns of animals, produc- 
tions of the epidermis; by Malpighi and Ruſh 
the hairs were ſuppoſed to be continvations from 
the nerves; neither of which opinions, however, 
ſeems to be ſufficiently proved, though the former 
appears by far the more probable. The hairs are 
diſtributed more or leſs remarkably over the whole 
body except on the palms of the hands and ſoles of 
the feet. They riſe each of them from a ſeparate 
oval bulb placed beneath the true ſkin, and lodged 
in the cellular ſubſtance, and they are ſurrounded 
by a ſheath, which riſes with them as far as the ſur- 
face of the body. 

The Abbe Fontana took a 1 which he cleanſed 
by repeatedly drawing it through a piece of fine 
linen dipt in water; he. examined it with lenſes 
of different powers, from ſome which magnified 
400, to others which magnified 7co diameters, and 
the appearances, he informs us, were uniformly the 
fame. The hair in general appeared of the colour 
of tranſparent amber ; towards the center, however, 
of 1 it, there was an obſcure line, which was broken 

| | at 
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at one part. It appeared woven, and formed by, 
or covered with, twiſting cylinders, interrupted at 
places, and winding like the inteſtines of animals. 


Among the winding cylinders there appeared minute 
globules of the ſame diameter with the cylinders. 


HFaving cruſhed the hair at one of its extremities, 


it appeared as if formed of many irregular poliſhed 
trunks, which were compoſed of bundles of very 


ſmall winding cylinders, with ſome e ſeattered | 


on the cylinders themſelves, 
The nails are horny inſenſible bees formed of 


thin lamellæ or plates. They riſe by a ſquare origin 


from the laſt joints of the fingers and toes, and are 
hard where they are expoſed to the air, but ſoft 
near their roots. The ſtructure of the horns, hoofs, 
and claws of animals is very ſimilar to that of our 
nails. A minute portion of a finger nail being ſub- 
mitted to the microſcope, exhibited the ſame ap- 
pearances as the epidermis. Both the nails and 
hair grow entirely from below, "” a regular pro- 
pulſion from their roots. N 
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Cnaye. XVII. 5 


THE CAVITY OF THE ABDOMEN. 


Contents of the Abdamen.—Parts invelued by the Peritoneum. 
Parts not involved by it.— The Peritoneum.—T he Meſentery.— 
The Omentum.—Diffrent in Man and Quadrupeds, 


HIS cavity is bounded above by the dia- 

1 phragm, below by the bones of the pelvis, 
at the ſides by various muſcles and the falſe ribs, 
before by the muſcles of the abdomen, and behind 


by the vertebræ of the loins and the os ſacrum, 


Strictly ſpeaking, however, no part is ſaid to be 
within the cavity of the abdomen, which is not in- 

volved in a thin tranſparent membrane, called the 
peritoneum, of which a more particular deſcription 
will preſently be ſubmitted to the reader. 

- The parrs which are involved in the peritoneum 
are, the meſentery, the omentum or caul, the ſto- 
mach, the ſmall and great inteſtines, the lacteal veſ- 

ſels, the pancreas, the ſpleen, and the liver. | 
Ih he organs which are not involved in the peri- 
toneum, but are placed behind it, are the kidneys, 
the ureters, the receptacle of the chyle, the aorta, 


and the vena Cava. 


The upper part of the bladder is involved in the 
| peritoneum, the lower is placed without it. 

The peritoneum is to be conſidered as a mem- 
brane forming an internal covering to the parts 


which are the” boundaries of the abdomen, and at 


the ſame time doubled back on itſelf in ſuch a man- 
| ner 
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ner as to form the erbarme covering of the abdomĩ- 
nal viſcera. 

The internal farkice of the peritoneum is ſmooth, 
its external is rough, and united to the neighbour- 
ing muſcles and veſſels by the intervention of cellu- 
lar ſubſtance. The cellular texture attached to the 
peritoneum, and in ſome parts included within its 
duplicatures, is is generally replete with fat. The 
peritoneum is a denſe but thin and tranſparent mem- 
brane, the uſes of which are to retain the viſcera of 
the abdomen in their places, and by the ſmooth and 
moiſt covering which it affords them, to prevent 
adheſions of one viſcus to, another ; for which it is 
excellently adapted by being continually moiſtened 
by a ſerous fluid, which proceeds from very minute 
pores. The exiſtence of theſe is proved by ſpread- 
ing a portion of the peritoneum on the end of the 
finger, and then pulling it very tight on all ſidesy 
by theſe means the pores are dilated, and ſmall 
drops may be obſerved to proceed from them. 

The meſentery is a production of the peritoneum, 
and is formed by two laminz of this membrane in- 
_ cluding cellular ſubſtance. It riſes by a narrow 
origin from the firſt, ſecond, and third vertebræ of 
the loins ; it advances forwards, and gradually he- 
comes broader in its progreſs. The meſentery at 
length embraces the inteſtines with its laminæ, and 
thus affords them the coat which they derive from 
the peritoneum. That part of the meſentery which 
involves the ſmall inteſtines is more properly called 
the meſentery ; that which involves the large is 
diſtinguiſhed by the term meſocolon. The me- 
ſentery includes between its laminæ all the blood- 

WY | _ veſſels 
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veſſels and nerves which belong to the inteſtines, 
and alſo the numerous lacteal veſſels which take up 
the chyle from the inteſtines, and the glands with 
which theſe veſſels are connected. 

The omentum or caul is alſo formed by a dubli- 
cature of the peritoneum, including thin cellular 
ſubſtance, with a large quantity of fat. It is vari- 
| ouſly attached to ſeveral of the viſcera of the abdo- 
men. The ſuperior portion of it is divided into 
two borders, one of which 1s fixed to the arch of 
the colon, the other along the great curvature of 
the ſtomach. Below this it is looſe, and is 

laced between the inteſtines and the anterior 
part of the peritoneum. Beſides this large mem- 
branous covering, called the great omentum, 
there is a much ſmaller membrane of the ſame 
kind, which is called the little omentum. It is fixed 
by its whole circumference partly to the ſmall curva- 
ture of the ſtomach, and partly to the concave fide of 
the liver. The little omentum is thinner and more 
tranſparent than the other, but its ſtructure is much 
the ſame, and it is in fact a continuation of the larger. 

The omentum in man deſcends as far as the 
navel, in quadrupeds much lower. The reaſon - 
for this difference ſeems to be, that from rhe erect 
poſture of man, the oily matter exuded from the 
omentum muſt fall downwards to lubricate the in- 
teſtines, which are placed till lower; this, however, 
cannot happen in quadrupeds, which have the trunk 
of the body in a horizontal ſituation, and therefore 
ſtand in need of a longer omentum; but as the uſe 
of the omentum is not fully aſcertained, this 1 
nation is perhaps 1 * 5 
N e 
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nA. XVIII. 


THE STOMACH AND INTESTINES, 


General Deſcription of the Stomach. —Length of the Inteſtine , 
In Man and Yuadrupeds.—Small and large Inte/tines. _ 


"T H E ſtomach is a merabranous ſack, in form, 
when diſtended, not unlike a bag-pipe. The 
ſtomach is much larger towards the left fide than. RN 
towards the right. It has two orifices, one towards 
its left ſide, where the cefophagus or gullet enters, 
called the cardia, and another towards the right, 
called the pylorus, which opens into the inteſtines. 
The great extremity of the ſtomach is in the left 
hypochondrium, and for the moſt part immediately 
under the diaphragm, yet the left orifice is not in 
the left hypochondrium, but almoſt oppoſite to, and 
very near the middle of the bodies of the loweſt 
vertebræ of the back. The ſmall extremity of the 
ſtomach does not reach to the right hypochondrium; 
it bends obliquely backward towards the other ori- 
fice; ſo that the pylorus lies about two fingers 
breadth from the body of the vertebræ, immediately 
under the ſmall portion of the liver, and conſe- 
quently lower down and more forward than the car- 
dia. The ſtomach is connected to the omentum, 
and by means of the omentum, on che oſt ſide, to 
the ſpleen. 


The 
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The orifices of the ſtomach are placed in the re- 
ceſſes on each ſide of the ſpine, and the body of 
the ſtomach is cloſely-applied to it; and in a manner 
bent round it. The orifices of the ſtomach are 
therefore placed further back than its body, and 
are alſo a little higher, though when the ſtomach 
is diſtended its body riſes nearly to a level with 
its orifices. The body of the ſtomach is diſtinguiſhed 
into two curvatures ; the concave ſurface, which is 
applied round the ſpine, is called the leſſer curva- 
ture, and that which is convex, and is turned for- h 
wards and downwards, the greater. | 
The ſtomach is formed of four coats. The ex- 
ternal of theſe is the peritoneal; the ſecond is 
muſcular, and is formed of fibres, which are con- 
tinued from the muſeular coat of the ceſophagus. 
| Theſe fibres are variouſly diſtributed in the ſto- 
mach. Some run directly in the leſſer curvature 
to the right orifice of the ſtomach, and are loſt in 
the duodenum ; ſome run down each fide of the fto- 
mach, and are loſt in its wideſt part towards the left 
fide. Beſides theſe longitudinal fibres, the ſtomach 
is ſurrounded by ſome which are circular, and 
which are alſo continued from the ceſophagus. 
There is a large aſſemblage of muſcular fibres round 
the right orifice of the ſtomach, which conſtringes 
it ſo as to prevent the food from paſſing into the 
inteſtines before it has EY the n changes 
in the ſtomach. 
If we examine the inner Natter of the ſmall ex- 
tremity of the ſtomach, where it ends in the in- 
teſtinal canal, we obſerve a circular border with a 
roundiſh hole in the middle, which is the pylorus, 
as 
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as before mentioned. The border is formed, partly 
by a fold of the internal coats of the ſtomach, and 
partly by a collection of fleſhy fibres fixed in the 
duplicature of the tunica celluloſa, and diſtinguiſhed 
from the other muſcular fibres by a thin whitiſh 
circle, which appears even through the external 
coat, round the union of the ſtomach and inteſtines. 

The third coat of the ſtomach, which conſtitutes 
the greateſt part of its ſubſtance, is the cellular, or, as 
it has been improperly called, nervous coat. This is 
thick, firm, of a white colour, and is connected to the 
muſcular by the intervention of cellular nen 
as it is alſo to the coat within. 

The fourth and inner coat of the ſtomach is 
the villous. - This and the cellular coat, being more 
extenſive than the reſt, are formed into numerous 
_ wrinkles or folds. It obtains the name of viilous 
from the unevenneſs of its ſurface, as being ſimilar 
to wool or hair when immerſed in water. It is 
fingle, of a red ee and is copiouſly ſupplied 
with mucus. 

The ſtomach is ſurniſned with lackeals, which 
riſe moſt numerouſly from it near its right orifice 
it is alſo very copiouſly furniſhed with nerves and 
blood-veſſels, which will be more fully deſcribed 
hereafter. With reſpect to the uſes of the ſtomach, 
they will be 5 of at large in the e on 
digeſtion. | 

By the l is meant the whole of the ali- 
' mentary tube beyond the ſtomach. They are di- 
vided into the ſmall and the large. The ſmall in- 
teſtines are ſub-divided into the duodenum, the je- 
junum, and the ileum. The large into the caecum, 
the 
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The . of the ſtomach are placed in the re- 
ceſſes on each ſide of the ſpine, and the body of 
the ſtomach is cloſely applied to it, and in a manner 

bent round it. The orifices of the ſtomach are 
therefore placed further back than its body, and 
are alſo a little higher, though when the ſtomach 
is diſtended its body riſes nearly to a level with 

its orifices. The body of the ſtomach is diſtinguiſhed 
into two curvatures ; the concave ſurface, which is 
applied round the ſpine, is called the leſſer curva- 
ture, and that which is convex, and is turned for- | 

wards and downwards, the greater, 
The ſtomach is formed of four coats. The ex- 

ternal of theſe is the peritoneal; the ſecond is 

muſcular, and is formed of fibres, which are con- 
tinued from the muſcular coat of the ceſophagus. 
Theſe fibres are variouſly diftributed in the ſto- 
mach. Some run directly in the leſſer curvature 
to the right orifice of the ſtomach, and are loſt in 
the duodenum ; ſome run down each fide of the ſto- 

mach, and are loſt in its wideſt part towards the left 
- fide. Beſides theſe longitudinal fibres, the ſtomach 
is ſurrounded by ſome which are circular, and 
which are alſo continued from the ceſophagus. 
There is a large aſſemblage of muſcular fibres round 
the right orifice of the ſtomach, which conſtringes 
it ſo as to prevent the food from paſſing into. the 

inteſtines before it has undergone the en changes 

in the ſtomach. 

If we examine the inner ſurface of the ſmall ex- 
tremity of the ſtomach, where it ends in the in- 
teſtina] canal, we obſerve a circular border with a 
roundiſh hole in the middle, which is the pylorus, 
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as before mentioned. The border is formed, partly 
by a fold of the internal coats of the ſtomach, and 
partly by a collection of fleſhy fibres fixed in the 
duplieature of the tunica celluloſa, and diſtinguiſhed 
from the other muſcular fibres by a thin whitiſh 
circle, which appears even through the external 
coat, round the union of the ſtomach and inteſtines. 
The third coat of the ſtomach, which conſtitutes 
the greateſt part of its ſubſtance, is the cellular, or, as 
it has been improperly called, nervous coat. This is 
thiek, firm, of a white colour, and is connected to the 
muſcular by the intervention of cellular ſubſtance, 
as it is alſo to the coat within. 

The fourth and inner coat of the ſtomach is 
the villous. This and the cellular coat, being more 
extenſive than the reſt, are formed into numerous 
wrinkles or folds. It obtains the name of villous 
from the unevenneſs of its ſurface, as being ſimilar 
to wool or hair when immerſed in water. It is 
 fingle, of a red ein and is copiouſly ſupplied 

with mucus. 

The ſtomach is > farnifhed with lacteals, which 
riſe moſt numerouſly from it near its right orifice ; 
it is alſo very copiouſly furniſhed with nerves and 
blood - veſſels, ' which will be more fully deſcribed 
hereafter. With reſpect to the uſes of the ſtomach, 
they will be gm. of at large in the We on 
digeſtion. 

By the ane is meant the whole ofa the ali- 
mentary tube beyond the ſtomach. They are di- 
' vided into the ſmall and the large. 


junum, and the ileum. The large into the caecum, 
| the 
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The ſmall in- 
teſtines are ſub-divided into the duodenum, the je- 
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8 Inteſtines. {Book IX. 
the colon, and the rectum. All the inteſtines, ex- 
cept ſome part of the duodenum, are ſurrounded 
and ſupported by the meſentery. In man, the 
length of the inteſtines is about ſix times that of 
the body, but in graminivorous quadrupeds their 
length, in proportion to that of the body, 1 is . 
greater. 
The ſmall ee fill the middle and eee 
of the abdomen, while the large fill the upper and 
under parts, as well as the ſides of that cavity. 
The ſmall inteſtines, in general, are of a cylindri- 
cal form. They are compoſed of four coats, the 
ſtructure of which is ſimilar, and which bear the 
ſame names as thoſe of the ſtomach, The muſ- 
cular coat, however, differs from that of the 
ſtomach in one reſpect, that the longitudinal fibres 
are here leſs numerous, and the circular fibres much 
more ſo. The ſame fibre, however, does not 
wholly ſurround the inteſtine, as the circle is made 
of ſeveral imperfe& arches. The cellular coat is 
exactly the ſame as that of the ſtomach, It affords 
ſtrength to the inteſtines, and conducts nerves and 
blood - veſſels to and from the villous coat. The 
villous coat of the ſmall inteſtines is exceedingly 
extenſive, and forms, together with the cellular ſub- 
ſtance, which conne&ts it to the cellular coat, a vaſt 
number of red ſemilunar folds or wrinkles, which 
ſerve to increafe remarkably the internal ſurface of 
the inteſtines, and of courſe to expoſe the ne 
- more fully to the mouths of the lacteals. | 
The ſmall inteſtines aſſiſt in the preparation of | 
the chyle, and propel their contents towards the | 
great „ 
I With 
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With reſpect to the ſmall inteſtines in particular, 
ſeveral circumſtances are to be noticed. The duo- 
denum, ſo named from its being about twelve inches 
in length, differs from the others in not being en- 
tirely ſurrounded by the peritoneal coat; its muſ- 
cular coat, however, is ſtronger than that of the 
other ſmall inteſtines, and its colour is more 
forid. The duodenum, beginning from the 
ſtomach, firſt runs towards the right ſide down- 
wards, and rather backwards ; then it bends towards 
the right kidney, to which it is lightly connected, 
and thence paſſes before the renal artery and vein, 
aſcending gradually from right to lefr, till it gets 
before the aorta and. laſt vertebra of the back. It 
continues its courſe obliquely forwards by a gentle | 
turn, and then terminates in the) jejunum. Through 
this whole courſe the duodenum is firmly bound 
down and concealed by the folds of the peritoneum. 
The duodenum is more lax, and of larger diame- 
ter than the other ſmall inteſtines, and by its va- 
rious riſings and fallings is calculated to retain the 
food for ſome time before it paſſes into the je- 
junum. About ſix inches from the pylorus, the 
common bile duct and the duct from the pancreas 
pour their contents together into the duodenum. 
Of the remaining part of the ſmall inteſtines, 
two fifths are called the jejunum, and the remain- 
ing three fifths the ileum, as no other cha- 
racteriſtic mark of diſtinction can be pointed out. 
The upper part of the ſmall inteſtines is indeed 
uniformly more red, rather wider, and its ſtructure 
more robuſt than the lower part, but the gradation 
i regular. Nothing particular is to be obſerved at 
any part which can * 2 juſt foundation for 2 
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change of name, and Haller accordingly compre- 
hended the jejunum and ileum under the term of 
inteſtinum tenue, or ſmall inteſtine. The jejunum 
is placed more about the umbilical region, the ileum 
more in the hypogaſtric. The ſmall inteſtines at 
length terminate in the large, in the hollow of the 
right iliac bone, below the kidney. At this place 
there is a valve, which exhibits the appearance of a 
flit or chink. This valve permits a free paſſage 
from the ſmall inteftines to the Jarge, but prevents 
any thing from paſſing readily from the large to the 
ſmall. | e 5 | 
The cœcum, which forms the beginning of the 
great inteſtines, may be conſidered as a production 
of the colon expanded into a bag. It is about four 
fingers in length and as many in breadth. It is 
ſituated in the right iliac region, and reſts on the 
broad part of the os ileum. . Atits lower part it 
has a long ſmall proceſs, called the vermiform, from 
its reſemblance to an earth worm. This proceſs 
is plentifully furniſhed with mucus, which it pours | 
into the cœcum. In apes this proceſs is wanting, 


bur its place is ſupplied by a gland, which affords 


a ſlippery fluid. In ſome birds we meet with two 
vermiform proceſſes, and in ſome kinds of fiſh they 
are very numerous. Under the name of colon is 
comprehended almoſt the whole of the great in- 


teſtines. The colon begins in the right iliac region, 


and is attached to the kidney, thence it riſes as high 
as the ſtomach and the liver. It now runs tranſ- 
verſely before the ſtomach to the left ſide, is con- 
nected to the ſpleen and kidney, deſcends into the 
left iliac region; and being there bent in the ew 
=P 0 
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of the letter &, it terminates in the rectum. The 


ſtructure of the colon is fimilar to that of the ſmall 


inteſtines. It is more robuſt, however, and the 
longitudinal muſcular fihres, which are mixed with 
ligamentous ſubſtance, are united into three faſci- 
culi, giving it in ſome meaſure a triangular form. 
Theſe faſciculi are continued from the vermiform 
proceſs of the cæcum tothe end of the 57 where 
they gradually diſappear. 
Along the whole courſe of the colon are a num- 


ber of cells formed by circular contractions F 


the inteſtine, which ſerve't to Face whe a rt 
irs nini f 1 5 be "4 of 

Along the whole Sau of the We inteſtibes 
we alſo obſerve ſmall projections of a fat ſubſtance, 
contained in elongations of their common coat. 
They ſeem in their nature very analogous to the 
omentum, and are conſidered by Winſlow as a kind 
of ſmall-omenta ; they are * accordingly named ap- 
pendices epiploicæ. 

The rectum, which is a continuation of the colon, 
begins at the loweſt vertebræ of the loins. It is 
bent like the internal ſurface of the os ſacrum and 
os coccygis, to which it is cloſely applied, and rermi- 
nates at the anus. The blood-veſlels of the in- 
reſtines will be mentioned in treating of the e 
diftribution or the arteries and v veins. 


Vor. III. 1 
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CHAT. XIX. 


THE LIVER, SPLEEN, AND PANCREAS. 


Nature and 8 of the Liver—The Gall Bladder. —Bile 
Du#s.—Cauſe of Jaundice,—The hs be Pancreas. 
Its Uſes. 


HE liver is an W a deep ab 
and is by far the largeſt gland in the body. 
It i ſituated immediately beneath the diaphragm. 
In man, the liver is divided into two portions or 
lobes, the larger of which is placed in the right 
hypochondrium, and the ſmaller extends acroſs the 
_ epigaſtric region, towards the left. The liver is 
divided on the upper. ang anterior fide into its lobes 
by a broad ligament, on the lower and EP 
a deep fiſſure. 

The upper ſurface of the liver is CONVEX and 
ſmoath, correſponding to the concavity of the dia- 
phragm. The lower ſurface is concave and uneven. 
The anterior and inferior margin of the liver is acute, 
the poſterior and ſuperior obtuſe. At the back part 
of the liver, near the great fiſſure, there is a triangu- 
lar eminence, called the ſmall lobe of the liver, or 
lobulus Spigelii. The ligaments of the liver, by 
which it is ſupported, are four. Of theſe, one ſup- 
ports either lobe, and the broad ligament ſupports the 
middle. Theſe ligaments are productions of the peri- 
roneum, and are very different from what are called 
by the ſame name in other parts of the body. They 


paſs 
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paſs from the diaphragm to the liver. Beſides theſe, 
there is the round ligament, which is formed by the 
concretion of a conſiderable blood - veſſel of the 
feetus, and paſſes from the liver to the navel. Be- 
ſides being ſupported by theſe ligaments, the great 
lobe of the liver is likewiſe connected by immediate 
adheſion, without the intervention of the peritoneum, 
to the tendinous part of the diaphragm. Round 
this adhefion we may obſerve the peritoneum folded 
back, to form the external covering of the liver. 

The blood-veſlels of the liver, which will be here - 
after particularly confidered, all enter on the con- 
cave ſide of this organ, where it is divided into its 
two lobes. The ufes of the liver are to ſecrete and 
Prepare the bile. _— 

The gall-bladder is a membranes receptacle, 
ſufficiently large to contain two or three ounces of 
bile. It is connected to the inferior part of the 
right lobe of the liver in ſuch a manner, that its 
fundus or bottom is placed forwards, and is in con- 
tat with the colon, and its neck is placed back - 
wards. In ſhape the gall - bladder much reſem- 
bles a pear. It conſiſts of four coats, which are 
very ſimilar to thoſe of the inteſtines, and are called 
by the ſame names. The gall-bladder, as well as the 
liver, and the other viſcera of the abdomen are 
eovered by the peritoneum. 

The ducts, which ſerve to convey the bile formed 
in the liver to the duodenum, deſerve particular 
attention. The duct which comes from the liver, 
and is called the hepatic duct, is conſtituted of a 
number of ſmaller ducts, which rife through the 
whole ſubſtance of the liver. This duct is . 
EN to 

* 


444 Gall Bladder, Hepatir Duct, &c. [Book IX. 
to another coming from the gall- bladder, and theſe 
ducts together conſtitute the common bile duct. 
The common duct deſcends towards the pancreas, 
and paſſing behind the duodenum, pierces its exter- 
nal coat. After having run between the coats of 
this inteſtine for ſome diſtance, it is at length, be- 
tween its ſecond and third coat, united with the 
duct from the pancreas, and the fluids from the 
liver and pancreas being thus mixed, are poured 
together into the cavity of the duodenum. 
The gall- bladder in man receives all its contents 
by means of the communication between the cyſtic 
and hepatic ducts. In ſome animals, however, the 
gall · bladder receives its bile by peculiar ducts im- 
mediately from the liver, and in theſe animals the 
cyſtic and hepatic ducts do not unite. From the 
ſtructure and connection of theſe ducts in man it is 
evident, that all the bile which paſſes into the duo- 
denum muſt paſs through the hepatic and common 
bile ducts, and that which goes to the gall- bladder 
paſſes through the cyſtic duct. The ducts are 
y ied with a muſcular coat. The uſe of the 
bladder ſeems to be to retain the bile till its 
more watery parts being removed, the remainder 
may become thicker, more pungent, and more 
acrid. It is ſo placed that it may be preſſed upon 
by the diſtended- ſtomach, and its contents there- 
fore diſcharged when they are moſt required to 
aſſiſt in the proceſs of digeſtion, The gall-blad- 
der is alſo emptied by the con preſſion and agi- 
tation of the viſcera, Which happen in vomiting. 
The bile in the gall- bladder ſometimes concretes 
into hard maſſes called gall-ſtones. As long as 
4 theſe 


Chap i ae bi: 0 


theſe remain in the gall- bladder they occaſion little 
or no inconvenience, but when they are propelled 
into the ducts they diſtend and irritate them ſo as, 


. when of a large ſize, to be productive of very vio- 


lent pain. When theſe concretions are ſtopped in 
the common gall duct, they prevent the paſſage of 
bile into the inteſtines. The bile, not eſcaping in 
the uſual manner, is accumulated in the liver, and 
being taken up by the abſorbents is carried in the 
CO ſyſtem, and produces jaundice. 
Ihe ſpleen is a ſpongy viſcus, of a colour be- 
tween deep red and blue. Its figure i is ſo irregular as 


to admit of no deſcription ; it is ſome what oblong, | 


however, but is convex on the ſide which is ap- 
plied to the ribs, and concave on that which is 
turned inwards towards the other viſcera of the 
abdomen, and where it receives its blood-veſlels: 
It is placed on the left fide, in the left hypochon- 
drium, and is oppoſite to the two laſt of the falſe 
ribs. 

The ſpleen is connected to the ſtomach by blood- 
veſſels and a ligament, to the omentum, to the left 
kidney, to the poſterior part of the diaphragm by 
the peritoneum, to the pancreas by veſlels, and to 
the colon by a ligament. The ſpleen has only one 
coat, which can be diſtinctly perceived, and which 
is derived from the peritoneum. The ſpleen is ex- 
tremely vaſcular, and when macerated ſeems wholly 
conſtituted of numerous blood-veſſels. It has 


no excretory duct, and it is remarkable, that though 
an organ of ſuch conſiderable ſize, its ule is entirely 
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246 Pancreas or Sweetbread. [Book XIX. 
The pancreas is a glandular organ, of a pale-red 
colour, and is called in certain animals the ſweet- 
bread. The pancreas 1s ſituated in the epigaſtric 
region, behind the ſtomach, in the triangular ſpace 
ſurrounded by the windings of the duodenum, In 
form it reſembles the tongue of a dog, the narrow ) 
termination of which is placed towards the ſpleen, 
and is connected to that organ by blood-veſlels. 
The pancreas in the human ſubject is eight or nine 
inches in length but very narrow, and its ſituation 
in the body is very nearly tranſverſe. The li- 
quor prepared by this gland is remarkably ſimi- 
lar to thoſe prepared by the glands which furniſh 
ſaliva to the mouth; ſo that the pancreas may 
be conſidered as the largeſt ſalivary gland in the 
body. Like the ſalivary glands, the pancreas is a 
conglomerate gland, or conſiſts of a number of 
ſmall glandular maſſes united by cellular ſubſtance, 
Near the pancreas is obſerved a ſmaller gland of 
the ſame kind. This 1s called the little pancreas, 
and pours its contents into the pancreatic duct. 
We have already ſeen, that where the pancreatic 
duct pours its contents into the duodenum, it is 
united with the common bile duct. | 
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THE. 08GANs PLACED NEAR, BUT. error 


The Glandule Suprarenales—The Kidnys,—The Bladder, | 


H E glandulz ſuprarenales are two triangu- 
lar bodies, the fabric of which is analogous 

to that of glands. In the fœtus they are larger 
than the kidneys themſelves, over which they are 
placed; but in adults they are much ſmaller. They 
are hollow, and are filled with a reddiſh matter. 
The right ſuprarenal gland is fixed to the liver, the 
leſt to the ſpleen and pancreas, both to the dia- 
phragm, and each of them to the kidney, above 
which it is placed. They are furniſhed with no 
excretory duct, and their uſe is unknown. . 
The kidneys are two organs of a pale red colour, 
and a firm conſiſtence, in form reſembling the beans 
which bear the ſame name. They are placed with- 
out the cavity of the abdomen, on each ſide of the 
ſpine, and extend acroſs the two loweſt falſe ribs as 
far as the bottom of the ſecond lumbar vertebra ; 
they reſt on the great pſoas muſcle, the ſquare muſ 
cle of the loins, and the tranſverſe of the abdomen, 
in ſuch amanner that the right kidney is placed below 
the liver and the colon, ſomewhar lower and further 
back, the left under the ſpleen, the ſtomach, the 
| pancreas, and the colon, ſomewhat higher and more 
forwards. The length of the kidneys is about fix 
inches, their breadth about four. Of the two mar- 
gins of the kidneys, that which is placed iy 
| R 4 is 


248 The Kidneys. f [Book IX. 
is convex, that placed inwards concave. The 
kidneys are variouſly connected to the viſcera, 
which are next them. The right kidney is con- 
nected to the colon which, as ſhould have been 
before remarked, is here partly without the cavity 
of the abdomen. 

The kidney is made up of three different tub- 
ſtances ; firſt, an external part of a pale colour, 
which chiefly conſiſts of numerous convolutions of 
blood-veſlels, and is called the cortical part. The 
other two ſubſtances, that is the medullary or 
ſtriated, and the papillary, are really but one and 
the ſame maſs, of a redder colour. The radiated 
ſtriæ are continued into the papillary * portion, 
where they terminate in about eleven or twelve pa- 
pillz, correſponding with the number of glandular 
portions, of which the kidney was originally com- 

poſed. At the point of each, papilla we ſee with 
the naked eye, in a ſlight depreſſion, ſeveral ſmall 
holes, through which the urine may be perceived to 
flow when the kidney is compreſſed, Each papilla 
lies in a kind of membranous calix or ſheath, 
which opens into a common cavity, called the pel- 
vis. The pelvis 1s alſo membranous, being. a con- 
tinuation of the calix. In man the cavity of the 
pelvis is not uniform, but diſtinguiſhed into three 
Portions, each of which contains a certain number 
of calices, together with the papillæ which they ſur- 
round. The kidneys are ſurrounded with a ſtrong 
firm membrane, which 1s very cloſely applied about 
them. T his, however, does not proceed from 
the peritoneum, but is connected to the poſterior 
part of that membrane by means of a large quan- 


tity | 
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tity of cellular en which i is alwiys plentifully 
filled with fat. 

The urine, which is testete i in the kidney; drags 
from the papillz into the pelvis.” All the ſub-di- 
viſions of this bag ultimately terminate in a mem 
branous canal, called the ureter, which, deſcending 
between the peritoneum and the great pſoas muſcle, 
reaches the urinary bladder, to which it conveys the 
urine. The ureters of both kidneys enter the 
bladder at the poſterior part, near the neck, which 
is the moſt fixed point. They run ſome diſtance 
between the coats of the bladder, before they open 
into its cavity, and this ſtructure has the effect of a 
valve, in preventing the fluid when the bladder is 
very full, from returning towards the kidney. | 

The ureters are about a ſpan long, and their canal 
is much wider in ſome parts than in others. They 
are in general about the ſize of a writing pen, 
and are ſomewhat curved in their courſe from the 
kidney to the bladder, ſo as to reſemble the letter . 
They are furniſhed with ſeveral coats, one of which 
is muſcular. They are very ſenſible, as is proved 
by the acute pain which perſons who are ſubje& 
to the gravel experience: while 22 Aae are paſſing 
through then. 

The urinary bladder is a ae eee ſack of 
adden bie ſize. It is placed at the anterior part 
of the pelvis; when it is empty, it ſinks below the 
upper part of the oſſa pubis, but when filled, riſes 
conſiderably above them. It is larger in women 
than in men. The upper part of the bladder is 
called its fundus, which is much wider than where 
it terminates in its neck, The anterior part of the 


bladder, 
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bladder, which is placed next the oſſa pubis, is more 

flat, that turned backwards more convex. Its ge- 

neral form is a round oblong. 5 

The bladder in men is connected behind to the 
rectum, and before it is always attached by cel- 
lular ſubſtance to the oſſa pubis. It is alſo con- 
nected to the navel by ligaments, which are the 
remains of two arteries of the fœtus, and as its 
fundus projects into the cavity of the abdomen, 
the bladder is alſo connected to the peritoneum, 
Which covers part of its fundus. 

The coats of the bladder are, firſt, à coat of cel- 
lular ſubſtance, by which it is connected to the 
neighbouring parts; 2dly, a muſcular coat, the 
fibres of which, beginning from the neck, aſcend on 
both ſides towards the fundus. At the neck the 
fibres croſs each other, and in this manner ſorm a 
ſphincter, by which animals are enabled to retain the 
urine; and yet a continuation of the fame fibres 
towards the fundus aſſiſts in expelling it. In this 
part, as well as in the tongue and mouth, we have 
an inſtance of the different parts of the ſame muſ- 
_ eular fibres counteracting each other. 

The third coat of the bladder is like the nervous 
coat of the inteſtines, and bears the ſame name. 
The inner coat has many foldings, and is plentifully 
ſupplied with mucus. The fundus of the bladder. 
alſo derives a coat from the peritoneum. The uſes 
of the bladder are to receive the urine, to retain 
it for a time, and to expel it through the urethra 
from the body. 

Had the peritoneum been ſpread over th 
in its wholc extent, the weight of dite in our 
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Chap. 20.1 Bladder in Quadrupeds. 251 
erect poſture would have ſo borne upon it, that a 
conſiderable quantity of water could not have been 
collected there. The peritoneum, however, by paſ- 
_ ſing from the fides of the abdomen over the ſu- 
perior part of the bladder, forms a ſupport for the 
incumbent viſcera, and preſerves a certain ſpace 
below, where they cannot preſs. In thequadruped, 
| where, from the horizontal poſition of the body, 
the abdominal viſcera do not preſs on the bladder, 
that i is 2 DHS with the PORE 


a fig ure in plate x. repreſents, 

x. The trachea. | EI Ss 
- 2 The interna jugular vein. 

2 The ſubclavian wein. 


Che vena cava deſcendens. 

” ca he right auricle of the heart. 
6. The right W the 3 bing re- 

7. Part of che left venrrce 

8. The aorta aſcendens. 

9. The arteria pulmonalis. 
10. The right lobe of the lungs, part of which is 

cut off to ſhew the great blood veſſels. 
11. The left lobe of the lungs. 

12. The e ee | 
13. The liver. 
14. The ligamentum rotundurn. 
15. The bottom of the gall- bladder projecting I 
beyond the anterior edge of the great lobe | 
Be _of the liver, ® | 


| F. 'H ie Romach, 74 by the liver wat the 
left fie. 
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027%. The ſroall zen, 1 
. The . 5 8 


=> The figure i in e xl. repreſents, 
1. The under ſide of the liver.. 8 
3 The ligamentum rotundum. 
a. The gall-bladder. 
4. The 1 
The ſpleen. 
The kidney, - | 
The aorta lf ds 
The vena cava aſcendens. 
The emulgent vein. => 
A probe under the Sure veſſell and "R 
arteria Ancien Nr over the 


The Ger 4 
The-ihac veſſels. =_ 
13. The inteſtinum rectum. 
14. The urinary bladder. 
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cr. XXI. 


THE arm OP THE MOUTH AND FAUCES, &c. 


The Palau rbe N _— n The 8 
The Glottis.—T he Epiglottis.— T he Mind Pipe. 


— 


T is unneceſſary to enumerate the parts which 
externally limit the cavity of the mouth, as the 
lips, cheeks, &c. ſince they are obvious to com- 
mon obſervation. Within the mouth are the bony 
proceſſes which include the teeth; and which are 
covered by the gums. The upper and arched part 
of the mouth is called the palate. The palate is 
divided into the hard and the ſoft. The hard pa- 
late is bounded by the teeth, and is formed by the 
two oſſa maxillaria and two oſſa palati covered with 
the perioſteum and the common coat of the inſide 
of the mouth, which produces, particularly in ſome 
animals, a number of hard ridges. The foft palate 
or velum pendulum palatinum is a ſeptum, which 
ariſes from the external margin of the palate bones, 
and laterally from a proceſs of the ſphenoid bones. 
It is a moveable ſoft ſubſtance, hanging between the 
cavity of the mouth and the poſterior termination of 
the noſtrils. - 

The ſoft palate is compoſed of the common 
membrane of the mouth and noſe, and includes a 
number of mucous glands, and ſome mũſcular ſub- 
ſtance. It forms two arches. on each fide, de- 
ſeending from the hard palate. The two anterior 

| of 
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254 The Palate, Uvula, Ie. [Book IX. 


of theſe arches are ſmaller and thinner, and are in- 
ſerted laterally into the tongue ; the two poſterior 


are large, and are connected behind to the pharynx. 


In the middle and upper part, where all the half 
arches unite, they are lengthened into a ſmall pointed 
body, which is eaſily ſeen at the back part of the 
mouth, and is called the columella or uvula. On each 
ſide, in the bottom of the ſpace which is left between 
the anterior and poſterior arches, is placed an oblong 
glandular body, which opens into the throat by 

eleven or twelve excretory ducts, and is called the 
amygdala or tonſil. We have the power of ſtop- 


ping the paſſage of air from the noſe, by drawing 


up the ſoft palate, ſo as to cover its poſterior open- 
ings. The whole cavity of the mouth is moiſtened 


by mucus, and the liquor from the ſalivary glands. 


The glands which furniſh the mouth with ſpittle 
or ſaliva are the two parotids, which are ſeated im- 


mediately below the ears; the maxillary, which 
are ſeated at the inſide of the angles of the lower 
| jaw; the ſublingual, which are placed between the 
bone of the lower jaw and the tongue; and laſtly, 
a number of ſmall glands, placed in bunches about 


the opening of the ducts, which. come from the 


parotid glands. The ſtructure of the ſalivary glands 
is like that of the pancreas. 


. I ſhall defer the deſcription of the tongue till 


I come to treat of the ſenſe of taſting. The noſe, 


the ear, and the eye, will be deſcribed when 1 
treat of the ſenſes to which they are ſubſervient. 
The cavity behind the palatum molle or ſoft pa- 


late is called the pharynx. At the back part it is 


bounded by: 4 the vertebra of the neck, above by 
the 


Chap. 2t.]J Oeęſpbagus, Te. . 
the baſis of the cranium, before and laterally by the 
ſoft palate and much cellular ſubſtance, and every 
way by the muſcles which ſurround the neck. The 
noſtrils terminate at their poſterior opening in the 
cavity of the pharynx, as do laterally the two euſta- 
chian tubes from the internal part of the ear. 

The pharynx is 4 muſcular bag ſhaped like a 


Fer beginning from the baſis of the cranium 
and terminating below in the æſophagus or gullet. 


Its ſubſtance is merely muſcular, covered with the 


Game tender and glandular membrane which lines 
the mouth, fauces, and celophagus. The uſe of the 


fone: is to receive the Jiment and impel it into 


the æſophagus. 


The aa or 4 is a W tube, 
| beginning from the narrow termination of the pha- 


rynx, It is placed between thc vertebræ of the 
neck and the windpipe, and deſcending lower is 
embraced by the pleura, and lies in a triangular 


ſpace behind the mediaſtinum. Having arrived at 


the bottom of the thorax it paſſes through the left 


perforation of the diaphragm, and terminates in the 


cardia, or left orifice of the ſtomach. 3 
The ceſophagus has four coats. Firſt, a cover- 
ing from the pleura; ſecondly, a muſcular coat 
of conſiderable power; thirdly, a cellular coat; 
and laſtly, a tender internal coat, like that of the 


fauces, and which is copiouſly ſupplied with mucus. 


The ceſophagus conveys the food to the ſtomach. 
The larynx is a hollow tube compoſed of carti- 
lages, muſcles, and hgaments, ſituated behind and 
delow the tongue, at the anterior oy of che "The 
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256 Larne, Sc. [Book IX. 


The larynx is connected above to the os hyoides, 


behind to the root of the tongue and the pharynx. 


The cartilages of the larynx are the ericoid/ or 
annular, which is narrow before and broad behind, 
and is there divided into two excavations, which 


receive the arytenoid or pyramidal cartilages. The 


ericoid cartilage forms the baſis of the whole 
hrynx. It is connected below to the windpipe, 
and above to * 1 _ en carti- 


| The thyroid 8 refs: peipundicolarly: on 


the cricoid, and conſtitutes the upper, anterior, and 


largeſt part of the larynx. It conſiſts of two almoſt 


quadrangular plates of cartilage, which unite before 


at an obtuſe angle, but behind are ſeparate. This 
cartilage 1 is harder and more prominent in men than 
in women, and has therefore been called the pomum 


Adami. At its poſterior part the thyroid cartilage 


has proceſſes above and below. The upper are 
united by means of ligaments with the proceſſes of 
the os hyoides. The lower, which are. ſhorter, are 
connected to the cricoid cartilage. The two aryte- 
noid cartilages are the ſmalleſt which contribute to 


form the larynx. They are equal in ſize, and 


when joined together reſemble the ſpout of an ewer. 
They are placed perpendicularly in two excayations 
of the cricoid cartilage at its poſterior part. The 
glottis is formed of two een in the * 
unn 57 ©: - 
 Anteriorly the baſis of each . Guulige | 
is fixed to one end of a ligamentary cord, which, 


buy its other-end, is inſerted about the middle of the 
| Concave fide of the anterior portion of the thyroid. 


+ 


CIs II — cher re eee et eee 


Chap. 21.1] Epiglottis, Sc. av 
At the latter inſertion the two ligaments touch each 
other; bùt a ſmall ſpace is left between them, where 
they are connected with the arytenoid cartilages, 
This chink is what 1s called the rima glottidis, 
which is capable of contraction and dilatation, - | 
Under theſe ligaments are two ſmaller, which 
alſo ariſe from the arytenoid cartilages, and, run- 
ing forwards, are attached to the middle part of the 
thyroid cartilage. Between theſe ſuperior and in- 
ferior ligaments there is on each ſide a ſmall bag 
or cavity, called the ventriculus Galeni. | 
Over the opening of the larynx, the rima glot· 
tidis, is placed a cartilaginous ſubſtance, called the 
epiglottis; it is ſituated above the anterior or con- 
vex portion of the cartilago thyroides, and its lower 
extremity is connected by a ſhort, broad, and very 
ſtrong ligament, to the middle notch in the upper 
edge of that cartilage. The epiglottis is ſomewhat 
concave behind and convex before. Its ſhape reſem- 
bles that of the tongue, and its termination or apex 
is always free, ſo as by its own elaſticity to be na- 
turally elevated. In deglutition, however, when 
the tongue is drawn backwards, the epiglottis is 
exactly applied over the rima glottidis, ſo as to pre- 
vent the food from paſſing into the larynx, or, as is 
commonly ſaid, going the wrong way. 
The pharynx is every where connected by mul. 
cular fibres to the larynx, and the larynx is in a 
manner ſuſpended in its cavity. At the anterior 
part of the larynx is placed a gland of conſiderable 
ſize, called the thyroid gland. It is not diſcovered 
to have any excretory duct, and its uſe i is unknown. 
Vox. III. | S ; The | 
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The muſcles which regulate the motions of the 
glottis, which is the principal organ of the voice, 
are the following four pairs, and one ſingle muſcle: 
The crico-arytznoideus poſticus ariſes from the 
cricoid cartilage, and is inſerted into the poſterior | 
part of the baſe of the arytenoid cartilage. By its 
contraction it opens the rima glottidis a little, and by 
pulling back the bend e renders the li- 


Sament tenſe. 


The crico- arytænoideus lateralis 8 from 
the cricoid cartilage laterally, where it is covered by 
part of the thyroid, and is inſerted into the baſe of 
the arytenoid cartilage. Its effect is to open the rima 
glottidis, by ſeparating the arytenoid cartilages, and 


conſequently the ligaments which are fixed to them. 


The thyteo-aryteznoideus ariſes from the thyroid 
cartilage, runs backwards along the ſide of the glot- 
tis, and is inſerted into the arytenoid cartilages. 
Its effect is to bring the thyroid and arytenoid car- 


tilages nearer to each other, and conſequently to 


relax the ligaments which are placed between 
them. 

The arytænoideus obe ariſes from the baſe 
of one arytenoid cartilage, and croſſing its fellow, is 
inſerted into the tip of the other. When both act, 


they pull the arytenoid cartilages towards each 


other, and therefore contract the rima glottidis. 
The ſingle muſcle which was mentioned is the 

arytænoideus tranſverſus. It ariſes from the ſide 

of one arytenoid cartilage and paſſes to the other. 

It ſhuts the rima glottidis by bringing the arytenoid 

- with the * nts nearer each other. 

a Q Beſides 


Chap. 214] | The Windpipe. 259 
Beſides theſe, there are a few ſeparate muſcular 
fibres, which from their connections are called 


The thyreo-epiglortideus, which ariſes from the 
thyroid cartilage, and 1s inſerted into the epiglottis 
laterally. It draws the epiglottis obliquely down- 
wards. 

The arytzno-epiglottideus, which ariſes from the 
fide and upper part of the arytenoid cartilage, and 
is inſerted with the former into the epiglottis ; it 
pulls down the epiglottis, and counteracts the effect 
of its elaſticity. 

The aſpera arteria, or windpipe; 1s a tube 4 
of annular cartilages, membranes, and muſcular 
fibres. It begins from the annular cartilage of the 
larynx, deſcends rather towards the right ſide of the 
ſpine into the cavity of the thorax, and 1s divided, 
into two great branches, which being afterwards ſub- 
divided, obtain the name of bronchia, and are dif- 
tributed through the ſubſtance of the lungs. The 
aſpera arteria is furniſhed with two membranes, 
the outer of which is formed of cellular ſubſtance 
and the inner is very ſoft and tender; between 
theſe membranes are placed the cartilaginous rings. 
Theſe rings are connected to each other by liga- 
mentous fibres above and below. They do not 
form complear circles, but are imperfect behind, 
where the circle is compleated by a ſoft but ſtrong 
glandular and muſcular membrane. The cartila- 
ginous rings are thin and elaſtic, but thicker and 
broader before than at their ſides. They are largeſt 
at the upper part of the windpipe, and are found to 
be ſmaller as we advance lower. Of the muſcular 
libres ſituated between the cartilaginous rings, ſome 
8 2 | are 


are circular, which render the windpipe narrower, 
and others longitudinal, which render it ſhorter. 

The windpipe in tlie upper part of the cavity 

of the thorax is divided as was before ſtated into 

two great branches, the larger and ſhorter of 

which goes to the right lobe of the lungs, the 
ſmaller and longer to the left. 

The ſtructure of the branches of the windpipe, 
till they enter the ſubſtance of the lungs, is the ſame 
as that of the windpipe ; after they enter the lungs, 
however, the cartilaginous rings ſoon diſappear, 
and nothing but a thin elaſtic coat remains. The 
ultimate diviſions of the windpipe terminate in the 
air- veſſels of the lungs, 


E 
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CH AP. XXII. 


THE PLEURA, THE LUNGS, AND THE THYMUS. 


\ Deſcription of the Thea Plara ey he Breafts. — 


of Infants contain Mill. — he e e N 
Thymus. | | 


H E thorax is that part of the body which 

lies between the neck and the diaphragm. 

It is ſurrounded by the ſpine, the ribs, the ſternum, 
and the diaphragm, and alſo, internally, by a thin 
membrane like the peritoneum, which forms two 
ſeparate cavities, and is called the pleura. On the 
external part of the thorax are placed the mammæ 


or breaſts ; within is the heart, with its large velicls, 
and the lungs. 


The mammee, or breaſts, i in men, and children of 


both ſexes, are no more than cutaneous tubercles, 


with a browniſh circle in the middle, called the 


areola. In women they are two convex firm bodies, 
of a glandular nature. In the middle of each breaſt 
is a prominent ſpongy ſubſtance, called the papilla, 


perforated by a number of ducts for the diſcharge of 


the milk, around which is placed the areola. The 
infernal part of the breaſt chiefly conſiſts of a large 
quantity of fat; but there is alſo a large glandular 
ſubſtance, compoſed of many ſmaller glands, con- 
nected together by cellular membrane ; this is the 


organ which ſecretes the milk, and to which the 


term mamma is more ſtrictly applicable. It is re- 
83 markable, 
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262 Breaſts of Infants contain Milk. [Book IX. 
markable, that a ſmall quantity of milk may in 
general be preſſed from the breaſts of new-born 
infants, both male and female. 

The pleura, as has been intimated, is a tranſparent 
and dene membrane, continued through the left 
perſoration of the diaphragm from the peritoneum. 
It covers the internal furface of the bones of the 
thorax and the upper part of the diaphragm, and 
involves the viſcera of the thorax in the ſame man- 
ner as below it involved thoſe of the abdomen. 
The internal ſurface of the pleura is conſtantly moif- 
tened, and rendered flippery by a ſerous exudation. 

The mediaſtinum is formed by two laminæ of 
the- pleura including cellular ſubſtance. Theſe 
are cloſely connected near the ſternum and verte- 
bræ; but in the middle and towards the lower part 
they are ſeparated by the pericardium and heart. 
Before the heart, from the pericardium to the ſter- 
num, the two laminz adhere very cloſely : higher 
up they are divided to receive the thymus. T he 
mediaſtinum divides the thorax perpendicularly 
into two ſeparate cavities or ſacks, which contain 
the lungs. The mediaſtinum is attached in ſuch a 
manner to the anterior part of the bones of the tho- 
rax, as to render the right ſack of the pleura larger 
than the lefr. Behind, the mediaſtinum 1s attached 
to the dorſal vertebræ, before to the ſternum, below 
to the diaphragm and pericardium, and above to 

large blood: veſſels, 

| Behind, towards the vertebræ of the- back, is left 
a triangular ſpace, in which is placed the windpipe, 
the ceſophagus, the thoracic duct, and ſeveral large 
blood-veſiels; before, me gland called the thymus | 


occupies 


Chap. 22.] The Pleura. — 


occupies a ſimilar ſpace. The uſes of the pan are 
to furniſn an internal covering to the bones of the 
thorax and the diaphragm, and an external covering 
to the thoracie viſcera. 


The union of the two ſacks of the pleura, forms | 


ing the mediaſtinum, is of uſe, by ſupporting the 
lungs, and by preventing their preſſure on each 
other when the body is turned to either fide. By 
the two ſides of the thorax being thus ſeparated, 
one may be wounded without rd the func- 
tions of the other. 

The lungs fill the two facks of 3 e one 
of which is placed on each ſide of the mediaſtinum. 
With reſpect to the form of the lungs, their baſes 


are broad, and their ſummits form an obtuſe cone. 


Their anterior ſurfaces, and thaſe applied to the 
mediaſtinum, are flat, that next the ribs is ſomewhat 
convex, and that behind round. The lower parr 
of the left lung is excavated to make room for the 
heart. The colour of the lungs is in infants reddiſh, 
in adults greyiſh, and in old age they verge to- 
wards dark blue or black ; their _— is aal 
mottled. 

The lungs are connected e to the neck by 


means of the windpipe, and below by blood-veſſels 


to the heart. They have no other covering but 


the pleura, connected to them by the intervention 


of thin cellular ſubſtance, which in this part is al- 
ways free from fat. 


With reſpect to the ſtructure of the lungs, che 
right, which is larger, conſiſts of three lobes, the 


left only of two; all of theſe are ſub- divided into 


a number of ſmaller lobes called lobules. Theſe 
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264 The Lungs. . [Book N. 

dividend: are connected to each other by the inter- 
vention of cellular ſubſtance. The ſubſtance of the 
lungs is ultimately made up of minute veſicles, 
called the air veſſels of the lungs, which are the ter- 
minations of the windpipe. 

"Theſe veſicles have extremely thin.c coats, and on 
theſe coats are diſtributed the minute ramifications 
of the blood - veſſels which go to the lungs. It has 
been computed, from the extreme minuteneſs of the 
_ air-veſſels, that the internal ſurface of the lungs is 
not leſs extenſive than the floor of a moderate ſized 
ſitting room. Theſe air-yeſſels communicate with 
each other through the whole ſubſtance .of each 
lung, fo that by inflating one lobule the air paſſes 
into the reſt. The uſes of the lungs are of the moſt 
important nature, and will be conſidered in a ſepa- 
rate chapter on the ſubject of reſpiration. 
he thymus, the ſituation of which has been ju 
mentioned, is ſoſt, and of a ſpongy texture. It is 
very large in the fetus, and is. filled with a white 
thin liquor ; in adults it is hard, ſmall, and gradually 
decays. It is not diſcovered to have my me 
dukt, and 1 its uſe is unknown, 1 | 
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THE HEART. 


The e Heart a—The Femricles Par Auricles 
Their Lies. General View of the Blood-ugſſels. 


NE heart is a hollow muſcle, included in a 
membranous bag, called the pericardium. 
| This membrane incloſes not only the heart, but 
the great veſſels which ariſe from it. This covering 
of the heart conſiſts of three laminæ; the external 
of theſe is formed by a duplicature of the medi- 
aſtinum. The middle lamina, which is the thickeſt 


and ſtrongeſt, is compoſed of very fine tendinous 
fibres, which at the lower part are connected and 


mixed with thoſe of the diaphragm. The internal 
lamina ſeems to be a continuation of the outer coat 
of the heart and great veſſels. Within the pericar- 


dium is found a quantity of tranſparent liquor, 
which facilitates the motions of the heart, by pre- 


venting friction. 

The. heart is placed in man almoſt cranſverſely, 
and reſts on the diaphragm at the anterior part of the_ 
thorax. The baſis or broad part of the heart is directed 
towards the right ſide, its point or apex towards 
the left, and this latter is ſo placed, as when the 
heart beats to ſtrike the ſixth rib, The upper ſur- 
face of the heart is convex ; the lower, which reſts 
on the diaphragm, is flat. The greater part of the 
heart lies in the left cavity of the n 
The 
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266 The Ventricles of the Heart. [Book IX. 


The ſubſtance of the heart is muſcular, and is 
compoſed of fibres, which, ariſing from the baſis, 
where it is tendinous, take a winding courſe to- 
wards its apex in various directions. 

The principal part of the muſcular ſubſtance of the 
heart forms two cavities called the ventricles. The 
poſterior or left ventricle of theſe is much thicker, 
ſtronger, longer, and rounder than the other ; the 
anterior or right ventricle is wider, ſhorter, and 
thinner*. The ſeptum, or that portion of muſcular 
ſubſtance which is placed between the ventricles, 
ſeems chiefly to belong to the former, and gives 
the latter an e of e e an ap- 
A 

At the baſis of the BEM are two cavities, which 
are each of them divided by anatomiſts into two 
parts, the ſinus and the auricle; but as theſe to- 
gether form one cavity, it will anſwer beſt the pur- 
poſe of perſpicuity to ſpeak of them ſimply by the 


name of auricles. The auricles are compoſed, of 
two membranes, with ſome muſcular fibres. Like 


the ventricles, they are ſeparated from each other 
by a ſeptum, and one of them obtains the appella- 
tion of the anterior or right auricle, the other that 


of the poſterior or left. Each of them communi- 


cates with the ventricle, which 1s placed next it, and 


which bears the ſame name. . 


Between the auricles and ventricles of the heart : 
are placed valves, as alſo at the mouths of the great 


The terms anterior and poſterior auricles and ventricles - 
of the heart are uſed as deſcriptive. of the ſituation of them in 
man. In quadrupeds, the anterior auricle and ventricle, or 
thoſe which perform the ſame purpoſe, are placed towards s 
Hght ſide, and the ns towards the left. 

alerts, 
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arteries, which prevent the blood from paſſing | in 
any other than the proper direction. 

The valves, which are placed berwin each of 5 
auricles and ventricles, are turned inwards towards 
the latter cavities. The valves, ſituated at the en- 
trance of the anterior ventricle, have three remark- 
able points, and are therefore called valvulæ tricuſ- 


two points, and from being compared to à mitre, 
are called valvule mitrales. In each of the great 
arteries, which proceed from the ventricles, the aorta 
and pulmonary artery, are feated three valves 
turned from the ventricles, and called ſemilunares. 
All theſe valves are elongations of the internal 
membrane of the part to which they belong. They 


current of blood proceeds, and their other extre- 
mity is looſe. When the blood, therefore, proceeds 


ſide of the veſſel, and occaſion no impediment ; but 
when it is about to return in the contrary direction, 
they are raiſed from the ſide of the veſſel, and 


meeting in the middle of its cavity, ſhut up the 


channel. The internal ſurface of the ventricles is 


extremely uneven, from a number of fleſhy columns 


which rife from its inſide, and ſome of which ter- 
minate by tendinous extremities 1n the valves of the 


heart, which they ſupport, and enable to perform 
their office more effectually. 


Beſides the connection, however, between che : 


auricles and ventricles of the heart, each auricle 
communicates. with a large vein, and each ven- 
tricle with a large artery, The uſe. of the-auricle 


15 


pides; thoſe of the poſterior veatricle terminate in 
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is to receive the blood from the vein, and to diſ- 
charge it into the cavity of the ventricle, The 


yentricle receives the blood from the auricle, and 
drives it forcibly into the artery, By a repetition 
of thoſe actiòns is performed the circulation of the 
blood, which is the ſubject of a ſeparate chapter, 
in which I ſhall take occaſion to mention ſome re- 


markable varieties in the hearts of different races of 


A 
The veſſels of the human body are either blood- 


veſſels or lymphatics. 


The blood - veſſels are membranous tubes, which 
convey the blood to and from the various parts of 
the body. They are divided into arteries and veins. 
The arteries pulſate, and convey the blocd from 
the heart; the veins return it towards the heart, 
and do not pulſate*. The large trunks, both of the 
arteries and veins, are near the heart; at a diſtance 
from it they are . divided into numerous ſmall 
branches in a manner very ſimilar to that in which 


the trunk of a tree is loſt in its branches and 


twigs. 

The arteries are me by the e tunics. 
The firſt is derived from the cavity, through which 
the artery paſſes ; in the thorax, from the pleura ; 
in the abdomen, from the peritoneum,. &c. The 
ſecond 1s a looſe covering of cellular ſubſtance, 
which contains ſmaller veſſels, for the nouriſhment 
of that on which they run, and which in the large 
arteries often contains a conſiderable quantity of fat. 


As a pulſe is only to be perceived i in the arteries, this cir- 
cumſtance will enable the moſt unſkilful to diſtinguiſh the na- 
ture of any blood-veſlelL 

The 
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The third is muſcular, and is compoſed of ſeveral 
ſmall arches of muſcular fibres, many of which go 


to the formation of a circle. Within this is a thin 


cellular coat, which adheres cloſely to the former ; 
and laſtly, there is a firm, ſmooth, and whitiſh 
coat, with W the circulating maſs of fluids is in 
contact. | 

The froth of the veins is the ſame as that of 


the arteries, but more delicate. The muſcular coat 
is in them ſo thin, or of ſo pale a colour, as not to 


admit of demonſtration in man, but is plainly ſeen 
in a veſſel called the vena portarum of the ox. That 


veins, however, have muſcular coats in all animals, 


is inferred from their contractile power. 

The venous ſyſtem is far more capacious than 
the arterious. 

Arteries are commonly ſaid to diminith 3 in fize: 
as they recede from the heart; but this is not the 


real ſtate of the caſe. As long as an artery con- 


tinues undivided, its diameter remains the ſame ; 
and when it does divide, the area of the veſſels 
formed by this diviſon is always greater than the 
area of the artery from which they are produced, 


ſo that the artery may in truth be ſaid to be 


creaſed. This rule holds equally with reſpect to 
the diviſion of the great trunks of arteries, and the 
ſub-divifions of their branches. The trunks alſo 
of veins are always ſmaller than the ſum of the 
| imaller veins from which they are formed. 

The larger trunks of blood-veſſels are ſeparate 
tubes, but their branches form various communi- 
cations with each other, and theſe communications 
increaſe 
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2 StruZuredf the Blood Veſſels. [Book IX. 


increaſe as the veſſels become more minute, ſo 


as at length to form a web of veſſels in the parts on 


which they are diſtributed. The advantages of 
this ſtructure are very obvious, as by a commu- 
nication of veſſels each part may receive blood 
from many ſources, and no part therefore ſuffers by 
the diviſion of the blood-veſſel which more par- 
ticularly belongs to it; its advantages are like thoſe 
of commerce among mankind, by which the effects 
of partial loſſes are guarded againſt by a mutual 
exchange of conveniencies. 

The branches of arteries are in general ſent off at 


much more acute angles than thoſe of the veins, by 


which the paſſage of the blood through the arteries 
is the leſs impeded. 

The arteries have in general a correſponding vein 
placed near them ; but to this rule there are ſeveral 
exceptions, which will be more particularly no- 
ticed in ſpeaking of the venous ſyſtem. The trunks 
of the veins, and almoſt all the arteries, are deeply 


ſeated ; but the ſmaller veins are every where 


thickly diſtributed on the ſurface of the body, im- 
mediately below the ſkin. By this ſtructure a paſ- 
ſage is provided for the blood on the ſurface of the 
body, where the internal veins are fo compreſſed 
by the action of muſcles as not eaſily: to tranſmit | 


their contents. The external and ner: veins 
communicate very freely. 


CAE. 


CHAP. XXIV. 
GENERAL DISTRIBUTION OF THE ARTERIES. 


The Aerta.— The coronary Artery.— The carotid and ſubclavian 
Arterien. -The intercoſtal Arteries.—Bronchial Arteries.— The 
Caliac Artery.— Meſenterie Arteries. - Renal Arteries.— Lum- 
bar Arteries.— Iliac Arteries.— C ra Artery a. 
Artery „Oc. 


\ROM the poſterior, inferior, or left ventricle. 

of the heart proceeds the principal artery of 
the body, called the aorta. Immediately on leaving 
the heart it ſends off two ſmall arteries, called the 
coronary, which are diſtributed on the heart itſelf, 
The aorta now riſes three or four inches above the 
heart, when it 1s turned backwards and towards the 
left ſide, forming an arch over the left diviſion of 
the windpipe. From the convex fide of its arch, 


the aorta ſends off three large arteries, which go to 


the head and arms. The firſt of theſe is equal to 
the two other in ſize, and ſoon divides into two 
branches ; of theſe one is the right carotid artery, 
which is diſtributed on the right | de of the head; 
the other is the right ſubclavian, which proceeds to 
the right arm. The arteries which belong to the 
left ſide of the head and left arm ariſe ſeparately 
from the aorta, and are the two other branches 
which were mentioned as being {ent off from its 
arch, 
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272 Preference of the Right Arm. [Book IX. 


Upon meaſuring the ſides of the veſſels, the ſur- 
face of the united trunk of the right ſubclavian and 
carotid is leſs than that of the left ſubclavian and 


carotid, which - ariſe ſeparately; if ſo, the re- 


fiftance to the blood muſt be leſs in that com- 


mon trunk than in the left ſubclavian and carotid. 
The reſiſtance being ſmaller, the impetus and velo- 


city of the blood muſt be leſs affected ; and as the 
ſtrength of the muſcles is as the quantity of blood 


fent into them in a given time, thoſe of the right 


arm will be ſtronger than thoſe of the left. This 
therefore accounts in ſome meaſure for the prefer- 
ence which is generally given to the right arm, 
though it muſt be acknowledged that it is difficult, 
from this reaſoning, to account for the preference 


which ſome children give to the leſt. The right 


ſubclavian and carotid ſometimes ariſe ſeparately 
like the left, but it has not been aſcertained that 
this exception to the uſual ſtructure happens more 
frequently in left than in right handed perſans. In 
quadrupeds we obſerve ſomething of the ſame pre- 
ference of the right limbs, and attended with the 
fame diſtribution of the arteries. In birds, which 


muſt be nicely balanced, the arteries of both ſides 
come off alike, . 


The two carotid arteries -proceed upwards on 
each ſide of the windpipe, behind the ſterno-cleido- 
maſtoideus mulcle, and the platiſma myoides, as 


| high as the larynx, without a diviſion, About this 


part the carotid artery is divided into two others, - 

called external and internal carotid arteries, The 

external carotid ſupplies the parts about the larynx, 

the face, the external parts of the kead and the 
T | | dura 


Chap. 24.1 Arteries of the Head. 273 
dura mater. The other diviſion of the carotid is 
diſtributed almoſt entirely on the brain, and is there- 
fore called the internal carotid artery. It firſt pro- 
ceeds to the lower orifice of the great canal of the 
pars petroſum of the temporal bone. After being 
contorted according to the courſe of this paſſage, it 
at length enters the cavity of the cranium, at the 
ſide of the ſella turcica. As it leaves the bony canal, 
it ſends off an artery, which ſupplies the contents of 
the orbit, and which communicates with twigs of te 
external carotid about the face. 

The internal carotid afterwards runs under the 
baſis of the brain at each ſide of the infundibulum, 
where it is at a ſmall diſtance from the carotid ar- 
tery of the other ſide. At this part it commonly 

divides into two branches, one of which paſſes to- 
wards the anterior, the other towards the poſterior 
part of the brain, where it communicates with the 
, vertebral artery of the ſame ſide. The arteries of 
the brain are incloſed in the folds of the pia mater, 
and are not diſtributed on the fubftance of the brain 
itſelf, till after having undergone minute diviſion. 

The ſubclavian arteries are ſo called, becauſe 
they paſs under or behind the clavicles. Each 
ſubclavian artery ſends off a conſiderable one to the 
internal parts of the head. They proceed from the 
upper and poſterior part of the ſubclavian, and ob- 
tain the denomination of vertebral arteries, becauſe 


they paſs through openings in the tranſverſe pro- 


ceſſes of the vertebræ of the neck. Having reached 
the great foramen of the os occipitis, they enter 
the cranium, and pierce the dura mater. The two 
vertebral arteries, after they have entered the cra- 
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nium, gradually advance towards each other, and 


at length unite, forming the arteria baſilaris. 
The ſubclavian artery alſo ſends off twigs to 
the mediaſtinum, thymus, trachea, and pericardium. 
It alſo ſends off two branches of a larger ſize, called 
the mammaria interna, and cervicalis, beſides the 
vertebralis, which has been already deſcribed. 
The ſubclavian artery, where it leaves the thorax, 
immediately above the firſt rib, changes its name 
to that of the arteria axillaris, becauſe it paſſes under 
the axilla. In this courſe it gives off four principal 
branches, the thoracica ſuperior, mammaria externa, 
thoracica humeralis, and axillaris ſcapularis, which 
are diſtributed on the parts from which they derive 
their names. The arteria axillaris, where it paſſes 
behind the tendon of the pectoralis major, again 
changes its name to that of the arteria brachialis. 
Between the axilla and the middle of the arm, the 
artery is only covered by the common integu- 
ments; below this it paſſes under the biceps muſcle, 
and runs obliquely forwards as it deſcends. In its 
courſe, it continues to ſend off branches to the ad- 


Joining parts. A little more than a finger's breadth 
below the bend of the arm, the arteria brachialis 


divides into two branches, called the cubitalis and 
radialis, the former of which lies next the ulna, the 


| latter next the radius, 


The aorta, having completed its arch, is directed 


downwards, being ſituated towards the left ſide of 


the ſpine. Below the fourth vertebra of the back, 
it obtains the name of the deſcending aorta, which, 


between this part and the et ſends off the 


following branches: 
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The inferior intercoſtal arteries are generally ſeven 
or eight on each ſide. They ariſe in pairs along the 
poſterior part of the aorta, and run tranſverſely 
towards each fide on the bodies of the vertebræ. 
They afterwards paſs in the bony ridge at the 
inferior edge of the ribs, almoſt as far as the ſter- 
num, being diſtributed in their eourſe on the inter- 
coſtal muſcles. 

The bronchaal arteries are two or three in num- 
ber, which ſometimes ariſe from the aorta, ſome- 
times are branches of the ſuperior intercoſtal, or of 
the arteries of the œſophagus. They enter with 
the diviſions of the bronchia into the ſubſtance of 
the lungs, on which they are diſtributed. 

The arteries of the eſophagus are generally 
two or three in number. They ariſe from the 
anterior part ofꝰthe aorta and are diſtributed on the 
ceſophagus. 

One or more arteries are 4110 ſent to the dia- 
phragm, and diſtributed on its lower ſurface. 

Below the diaphragm, the deſcending aorta. 
ſends off 

The cæliac artery, which ariſes from the anterior 


LOR 


* 7 . N 
LS ara 


r 
1 


1 *. 
3 3 33 
n —- 8 ew" 2 ** 


9 
2 
2 
4 3 
8 
by k 
1 £2 
1 
"$4 
oy 

"wo VE 
BOS. AT 

1 I-20 = 
"I 3 
of T * 
| % 2] 
8 > oF 

n 
%y ” 
of my” 
4M 
F-: 4 

Fg” 
* „ 

5 2 1 
2 5 
F ti 
\ "38 
* * IT WT; 
2 1 

55 

tat 4 

* 87 

27 +88 


ET TH”. 2 8 


* . ffs 
ra Lo Fee 1 
Thos - bo £4, EY K * 


8 ng: 
n 
＋ 


part of the aorta by a ſhort trunk, which divides is 
into three principal branches; one runs upwards, : iN 
i and is called the coronary artery of the ſtomach, i 
and which is chiefly diſtributed on that organ in 


another runs towards the right, and having ſent off 
one or two branches to the ſtomach and duodenum, 
joins the vena portæ, enters the fiſſure of the liver, 
and is diſtributed through its ſubſtance ; the third 
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2 Arteries of the Inteflines. [Book IX. 


is directed to the left, under the ſtomach and pan- | 


creas, to the ſpleen. In its progreſs it diſtributes 
fmall branches to the ſtomach, pancreas, and 


omentum. 


At a ſhort diſtance bei the ccehac, the fuperior 
meſenteric artery proceeds from the anterior part of 
the aorta, Near its origin it ſends off a fmall 
branch, which carries blood to the large extremity of 
the pancreas, and the neighbouring part of the duo- 
denum. Being included between the laminz of the 
meſentery, it forms a kind of arch, which deſcends 
obliquely from left to right, and from-which about 
fixteen or ſeventeen branches are ſent off, moſt of 
which are ſpent on the ſmall inteſtines. As theſe 
branches approach towards the inteſtines, and are 
more minutely divided, they inoſculate and com- 
municate very freely with each other, ſo as at length 

to ſurround the inteſtines like net work. - From the 
concave lide of the arch proceed ſeveral branches, 
one of which 1s of great length, and makes a re- 
markable communication with the inferior meſen- 
teric artery. From the numerous communications 
among the arteries of the inteſtines, we may obſerve 
how carefully theſe parts are witer with a p 
of blood. 

The next arteries, which are ſent off from the 
aorta, are the rwo emulgent or renal. They ariſe 


one on each ſide, and proceed almoſt horizontally 


to the kidneys. As the aorta lies towards the left 
ſide of the ſpine, the right renal artery is longer than 
the left. The reverſe is the caſe with the veins, 


* . 
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as the vena cava is placed on the right fide of the 
ſpine. 

Above. the renal arteries ariſe two arteries, which 
go to the glandulæ ſuprarenales, and which alſo ſend 
branches into the adipoſe membrane which ſur- 
rounds the kidneys. 


Below the renal arteries ariſe the two ſpermatic £3 


arteries, which are very ſmall. They are placed be- 
hind the peritoneum, on the pſoas muſcles. 

The lower meſenteric artery ariſes from the an- 
terior part of the aorta, below the ſpermatic. It is 
ſoon divided into three or four branches, which 


gradually ſeparate from each other. The ſuperior 


of theſe branches forms the communication, which 
was mentioned as taking place between the two 
meſenteric arteries. The inferior meſenteric artery 


is diſtributed chiefly on the colon; it ſends, how. 


ever, a conſiderable branch to the rectum, called 
the arteria hzmorroidalis interna. 


The lumbar arteries proceed in five or ſix pairs 
from the poſterior part of the aorta, much in the 
fame manner with the intercoſtals, The ſuperior 


| ſometimes ſend blood to the diaphragm and inter- 
coſtals, but they are principally ſpent on the pſoas 
muſcles, the quadrati lumborum, and the oblique 
and tranſverſe muſcles of the abdomen, One or 
more arteries are ſent off from the lower part of the 
aorta, or ſome of the neighbouring arteries, to the 
os ſacrum and large nerves of theſe parts. 

Near the laſt lumbar vertebra, the aorta is di- 
vided into two equal trunks, called the common iliac 
arteries, one of which lies to the right the other to 


the left, and which recede from each other as they de- 


1,3 ſcend. 
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278 iac Arteries, Se. [Book IX. 


ſcend. About three fingers breadth from their origin, 
each iliac trunk is divided into two ſecondary arteries. 
One of theſe, which is called, from the parts on which 

it is diſtributed, the hypogaſtric, or internal iliac ar- 
tery, is gradually bent forwards, and terminates like 
a ligamentous cord at the-navel. The other arte 
is called the external iliac, and paſſes under the li- 
gament of F allopius, in its way to the lower extre- 
mity, on which it 1s diſtributed. 

From the convex ſide of the curvature of the 
hypogaſtric artery are ſent off ſeveral conſiderable 
branches, which may be diſtinguiſhed by the fol- 
lowing names; iliaca minor, ſacræ laterales, glutza, 
ſciatica, pudica communis, hæmorrhoidalis media, 
obturatrix. 

The iliaca minor is a ſmall artery, which is dif. 
tribured on the iliac muſcles and bones. The ar- 
teriæ ſacræ laterales are commonly two in number. 
They are ſent to the fore part of the os ſacrum, and 
penetrating its ſubſtance, are diſtributed to the 
nerves and membranes within. The arteria glutza 
is of very conſiderable ſize ; it paſſes out of the 
pelvis with the ſciatic nerve, and is diſtributed on the 
two larger glutzi muſcles ; it alſo gives branches 
to ſome other neighbouring muſcles, and to the 
parts about the anus. The arteria ſciatica gives ſome 
branches to the os facrum and adjoining muſcles, 
It paſſes obliquely over the ſciatic nerve, and goes 
through the great poſterior ſinus of the os ileum. 
It afterwards aſcends on the outſide of the os ileum, 
and is ſpent on that and the glutæi muſcles. The 
arteria pudica communis, or pudica i e divides 


into 


Chap. 24.] 


into two branches; one of theſe runs on the inſide 
of the tubercle of the iſchium to where the cor- 
pora cavernoſa take their origin; at this place it 


is divided into ſeveral ſmaller branches, which are 


diſtributed on the corpora cavernoſa, the bulb 
of the urethra, and the anus. The ſecond princi- 
pal branch, ſometimes called the pudica externa, 
runs between the bladder and rectum. 

The hæmorrhoidalis media proceeds from the 
pudica interna, or ſome of the other large branches; 
it goes to the lower part of the rectum, and ſends 
t vigs to the bladder, veſiculæ ſeminales, and proſ- 


trate gland. The arteria obturatrix perforates the 
obturator muſcles, and is diſtributed to the neigh- 


bouring muſcles, 


The hypogaſtric, or internal iliac artery, having 
ſent off all theſe branches to the parts about the 


pelvis, aſcends on the ſide of the bladder towards 
the navel, where it meets its fellow of the oppoſite 
ſide. Theſe arteries, near the navel, are in the adult 
contracted into the appearance of a ligament, and 
are quite cloſed ; in the foetus, however, they are a 
continuation of the trunk of the hypogaſtric arteries 
by which the circulation 1s carried on between it 
. and the placenta. 

It has been already mentioned, has the exter- 
nal iliac artery paſſes out of the abdomen under 
Fallopius's ligament ; it here gives off two con- 
ſiderable branches; one of theſe, the arteria epi- 
gaſtrica, runs upwards on the muſcles at the anterior 

art of the abdomen, and communicates freely 
with the mammaria interna ; the other branch, 


1 4 ſent 
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280 Arteries of the Thigh and Leg. [Book IX. 


ſent off from the external iliac at this place, runs 
to the internal edge of the os ileum, and is ra- 
mified on the oblique and tranſverſe muſcles of 
the abdomen, communicating with the lumbar ar- 


After it has paſſed under the ligament of Fallo- 
pius, the external iliac changes its name to that of 
the crural or femoral artery. It ſends off, firſt, three 
ſmall branches; one, the pudica externa, goes to the in- 
guinal glands, &c. and communicates with the pudica 
interna; another goes to the pectineus muſcle ; and 
the third, to the upper part of the ſartorius. 

Afterwards the trunk of the artery deſcends to 
the head of the os femoris. Abour three fingers 
breadth from the ligament of Fallopius, it ſends 
out three conſiderable branches. The external 
branch, called the circumflexa externa, 1s diſtributed 
to the muſcles of the thigh, ſituated before and at 
the outſide. The middle branch, named the pro- 
funda, runs down on the inſide of the thigh between 
the triceps muſcles. The internal branch, called 
the circumflexa interna, runs backwards towards the 
great trochanter, and ſupplies the muſcles, ſeated 
at the poſterior part of the os femoris, and ſends a 
branch into the ſubſtance of the bone itſelf. 

After having ſent off theſe branches, the crural 

artery, covered by the fartorius muſcle, proceeds 
down to the bottom of the thigh, and paſſes through 
the tendon of the adductor magnus, a little above 
the internal condyle of the os femoris; afterwards, 
| continuing its courſe through the hollow of the 
ham, f it is called arteria poplitea. 

| While 


Chap. 24. Pulmonary Artery. 281 
While in the ham it ſends off branches, which 


aſcend to communicate with thoſe of the crural ar- 


tery. Branches are alſo ſent to the joint. When 
it has reached the back part of the head of the ti- 
bia, it gives off two branches, one to each ſide. 
As the poplitea ends, it divides into two principal 
branches; one of which runs between the heads of 
the tibia and fibula, paſſing from behind forwards 
on the interoſſeous ligament, where it takes the 
name of arteria tibialis anterior; the ſecond branch 
divides into two others, the larger called arteria tibj- 
alis poſterior, the other arteria peronea poſterior. 

From the anterior, ſuperior, or right ventricle of 
the heart proceeds an artery (the pulmonary) nearly 
equal to the aorta, but the coats of which are leſs 
robuſt. Its trunk, having run upwards almoſt as 
high as the aorta, is divided into two parts, one of 
which paſſes under the aorta to the right lung, while 
the other proceeds to the left. Theſe arteries enter 
the lungs with the bronchia, and the diviſions and 
ſub- diviſions of both are diſtributed together through 
their ſubſtance. The ultimate ramifications of the 
pulmonary artery are ſpread out on the air-veſſels, 
through which the blood undergoes that change 
from the air which it is the purpoſe of reſpiration to 
effect. e 

Beſides receiving arteries in common with other 
parts of the body, we find that the lungs continually 
receive and return the ſame quantity of blood as 
paſſes through all the other parts of the body; from 


which we may form ſome idea of their extreme 
vaſcularity, 
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232 Explanation of the Plate [Book IX. 
In the plate annexed (XII.) the arteries are 
repreſented freed from the muſcular and fibrous 

pro 

1. Aorta aſcendens. 
A. Three ſemilunar valves. 


2. Trunk of the coronary artery. 
3. Aorta deſcendens. 


4. Subclavian artery. 
5,5. Carotid arte ries. 
6.6. Vertebral arteries. 
7.7. Arteries that go to the lower part of the 
face, tongue, &c. 
8.8. Temporal arteries. 
10. 10. Trunks which go to the foramina nart- 
um, &c. 
11.11. Occipital arteries. 
12.12. Arteries which go to the fauces, &c. 
B. B. A ſmall portion of the baſis of the ſkull. 
13.13. Contorſions of the carotid arteries, before 
they paſs to the brain. Ty 
C. The pituitary gland between the contorteg 


* 


trunks of 
14. 14. The carotid arteries, 
D.D. The ophthalmic/arteries, 
15. Contorſions of the vertebrals. 
16. The vertebral arteries, where they lie on the 
medulla- oblongata. 
18. 18. Ramifications of the arteries within the 
ſkull. 
E. E. The arteries of the cerebellum. 
19.19. Arteries of the larynx, &c. 
20.20. Arteries which convey blood to the muſcles - 
of the neck and ſcapula. 


21.21. Mam- 


Chap. 24. ] repreſenting the Arteris. a8 
21.21. Mammary arteries, 
22.22. Arteries of the muſcles of che os damen 


2324. 


25.25. 


26. 
27. 
28.28. 
295 

31. 

| 32. 

33. 
34. 


45. 
49.49. 
88 
51. 
$2, 
5353. 
54.54. 
55.55. 


Iliacus internus. 


Ke. 
Diviſions of the arteries of the arm. 
A branch of an artery not found in all ſub- 
External artery of the cubitus. 
Arteries of the hands and fingery: 
Diviſion of the aorta, - 
Bronchial artery. 
Intercoſtal arteries. 5 
Cœliac artery. | 
Hepatic arteries. 
Arteria cyſtica, on the gall-bladder. 
Lower coronary artery of the ſtomach. 
Pyloric artery 


| Epiplaic artery. 


Ramifications of the coronary artery, which 
embrace the bottom of the ſtomach. 

The upper coronary artery of the ſtomach, 

Phrenic arteries. 

Splenic artery. 

Upper meſenterie artery. 

Superior branches of the meſenteric artery, 
freed from the ſmall inteſtines, 

Lower meſenteric artery. - 

Emulgent arteries. 

Arteriz lumbares. 

Spermatic arteries. 

Arteria ſacra. 

Common iliac arteries, 

Iliacus externus. 


5 6. 56. Um- 


* 4 
1 = e E 
— . r * en : 
—_ A 
2 8 3 1 5 nv 
— = OO ben” As FELL © 


„ de 3. Te oi aa 6 
_ n 8 3 
N. r 


r E . 
"me F 


RTE 


— N $9 of n 
9 - 


Pg po wrt 
£ ER WS 


1 ol 5 — — 
1 * 
5 punt bow N 5 wv 


E 
— - 
eee eee 


A v - . 

> 4 | 
r 
— I bi] - K 5 1 


_ e 
r a. ul BY . 
N n S. 2 8 
S — 


oe * . 
. . 
— 


* 
— 22 
r 
„ 


n S SN 


o 
Ab; 26.48 


57.57. Epigaſtrie arteries. 
69. The crural artery. 


70. Arteries which paſs to the muſcles of the 
thighs and tibiæ. l 
mh Part of the crural artery. 


The three large trunks of the arteries of 


the leg. 
73. Arteries of the foot, 3 a 


CuAr. 


Explanation of the 2 Ec. [Book r IX. ; 
56.56. Umbilical arteries. 
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CHAT. XXV. 


GENERAL DISTRIBUTION OF THE VEINS. 


Pulmonary Veins Vena Cava.—Veins of the Head — Fugular 


and Subelavian.— Veins of the Superior Extremity.— Pena 


Azygos Prins of the Lower Extremities.—Courſe of the Blood 
through the abdominal Viſcera, the Liver, &c, 


4 


1 * deſcribing the arteries we followed the courſe 


of the blood, and beginning with the largeſt 


trunks, traced the ſeveral branches in the order in 
which they were ſent off. In pointing out the 
| courſe of the veins, however, and ſtill followi 
the courſe of their contents, the order of the de- 
ſcription will neceſſarily be reverſed, as it is ne- 
ceſſary, in this caſe, to begin with the enn, 
and trace them into the trunks. 


The veins of the body may be divided into twa 


claſſes ; thoſe which return the blood conveyed by 


the pulmonary artery, and thoſe which return that 
of the aorta. 


It has been alicady remarked, 1 beſides the 


blood which che lungs receive in common with 


other parts of the body, they alſo receive all that 
is tranſmitted by the pulmonary artery. This, 
after being diſtributed through the ſubſtance of the 
lungs, is returned by veins, which at length unite 
into four trunks, and paſling through the pericar- 
dium, are inſerted into the poſterior auricle of the 
heart. 
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286 Fugular Veins, Cc. [Book IX. 

The blood, which is ſent to the various parts of 
the body by the aorta is ultimately received and re- 
tyrned by two large trunks, the vena cava ſuperior 
and inferior, which enter the anterior auricle of the 
heart. I ſhall now proceed to enumerate, in a cur- 
ſory manner, the branches by which theſe trunks are 
ſupplied. 

The vena cava ſuperior i is formed in the follow- 
ing manner. In treating of the brain, I ſhall endea- 
vour to deſcribe more fully the triangular canals, 
called ſinuſes, ſituated in the dura mater, and 
which perform the office of veins. The blood, 
which is ſent to the internal parts of the head, after 
paſſing through other veins and ſinuſes is received by 
the two lateral ſinuſes; theſe terminate in the internal 
Jugular veins, which correſpond with the internal 
carotid artery, and terminate in the ſubclavian vein. 
The external jugular vein, which correſponds with 
the external carotid artery, receives the blood from 
the external parts of the head, and alſo terminates 
in the ſubclavian vein. This vein alſo receives the 
contents of the vertebral vein, which correſponds 
with the artery of the ſame name. 

The veins of the ſuperior extremities run in two 
fets ; ſome of them lie immediately under the ſkin, 
others are deeply ſeated, and accompany the arte- 
ries. The vena baſilica is formed by a variety of 
branches; it proceeds immediately under the ſkin, 
along the courſe of the ulna, to the internal condyle 
of the os humeri. It afterwards runs up along the 
infide of the arm, communicating freely both with 
the deep and ſuperficial veins. The vena cepha- 

lica receives, at the extremity of the radius, branches 
which 


Chap. 25.] Veins of the ſuperiot Extremitiy. a87 
which correſpond with thoſe of the radial artery. 
The trunk runs along the radius, between the muſ- 
cles and integuments, communicating with all the 
neighbouring veins; having paſſed the fold of the 
arm, it aſcends near the outer edge of the external 
portion of the biceps, ſtill communicating with che 
other veins, and paſſing between the large pectoral 
and deltoid muſcles, terminates, as well as the baſi- 
lica, in the trunk of the axillary vein. | 

The vena axillaris, which correſponds with the 
artery of the ſame name, is formed by all the veins of 
the ſuperior extremity. Above the axilla it receives 
branches from all the muſcles ſituated about the ſca- 
pula, and the upper part of the thorax. Where it 
paſſes between the clavicle and firſt rib, it changes its 
name from that of the axillary vein to that of the 
ſubclavian. The ſubclavian veins, receive the con- 
tents of the jugular and vertebral veins which come 
from the head, and alſo other branches from ad- 
Joining parts. The left ſubclavian vein alſo receives 
a particular vein, called the intercoſtalis ſuperior, 
which proceeds from the upper intercoſtal muſcles 
of that ſide. The left ſubclavian vein alſo receives 
the contents of the thoracic duct, which is de- 
ſcribed in another place. 

The two ſubclavian veins are directed towards 
each other, and uniting in the upper part of the tho- 
rax, rather towards the right ſide, conſtitute the vena 
cava ſuperior. Into the upper part of the vena cava 
opens a vein of conſiderable ſize, called the vena 
azygos, or the vein without a fellow. This ariſes 
from the lower and internal part of the thorax, and 
ſoon paſſes over to the right part of the ſpine. As 
it aſcends along the right tide of the thorax, it 
receives 


1 = II Anger ge 4 By ey I hog 2 
tei b ns 5 = 
— „ * F „ oo ee RS ons 


Ye Eh, 2 EY 3: Hh 2 oa = 
FK U TT OT 7 a Sas © Load 
4 Db Ss Co TICS FEET 


— ä . _— r +> hd 
we” — Ne . ˙ w ̃ ͤæMͥ.un... GW 
— P = OR __— SE tity Et el 


po 
2 ff gn We Os 


* — 2 F 
* r — 
8 — —— aw 
* 54 8 — x 
; Ds Fs n 0 
» SE 2h. > 5 


a 0 N on . e 
= 2 a LS — — 5 * 9 1 
oe IS we ONE * 2 + > > 1 : Ws 
3 1 3 * * 
SER I or fe" 
2 


abc xc ole 


= 2 . 
n 
228-29 232 


. promo wp OO. oe OS HY" 
— N þ N. Re at: bone te"! 
ond dr, FR Koz 72 bins ** r 

* 


= N ps . 7 Is 2 Ene 
2 9 r ES act Son 7 et3; Sent ae 
- G2 - orien oy - 1 : 
4 - £2 * "To , c — * * 5 
- n 3 * 2 * 8 


r ee 


CE EE a re Ee Cen ON 
ICS ra Fog : 
— - > - — a 


288 Peins of the lower Extremities. [Book IX. 
receives the inferior intercoſtal veins of that ſide, 
and higher up a trunk common to two or three 
veins, which alſo come from the intercoſtals. At 
the top of the thorax it is bent forwards over the 
right lung, and opens into the vena cava a little 
above the pericardium. The vena cava now per- 
forates the pericardium, and deſcends to the ante- 
rior or right ventricle of the heart. 

The veins of the lower extremities, which termi- 
nate in the vena cava inferior, are | 
The vena ſaphena major, which begins on the infide 
of the foot, at the great toe, and runs to the inner 
ankle; here it receives other branches, and then 
runs up the inſide of the tibia, immediately under 
the ſkin. After communicating freely, and receiving 
other branches, the ſaphena paſſes along the inſide 
of the knee, and afterwards along the thigh as far 
as the middle of the ſartorius muſcle ; it next runs 
on the forepart of the thigh to the groin, and at 
length opens into the top of the femoral vein. As 
this vein is quite ſuperficial, it may be traced 
through the whole of its progreſs, when it is diſ- 
tended with blood, by the naked eye. 


The vena ſaphena minor returns the blood from 
the outer ſide of the ſoot ; from this part it runs up 
on the outſide of the tendo Achillis, and next be- 
tween the galtrocnemius externus and the ſkin. It 


terminates in the vena poplitea a little above the 
8 * 


The vena tibialis anterior is a trunk which ac- 
| companies the artery of the ſame name, and termi- 
nates in * vena N 


The 


Chap. 25.] Veins of the Leg and Thigh. 289 
The vena tibialis poſterior begins from the ſole 
of the foot by ſeveral branches. Theſe, forming a 


trunk, run on the inner ſide of the os calcis, and be- 


hind the inner ankle. It paſſes up between the ſoleus, 
and tibialis poſticus muſcles, accompanied by the 
correſponding _ and opens into the vena 
poplitea. 

The vena peronen proceeds upwards n the in- 
ſide of the fibula, almoſt in the ſame direction with 
the arteria peronea, and alſo ends in che vena pop- 
Rea. 

The vena poplitea, which correſponds with the 
artery of the ſame name, is formed by the three 


large veins deſcribed, but ſeems to be a continua- 


tion of the tibialis poſterior. The vena poplitea runs 
up immediately on the muſcle of the ſame name. 
About the ham it receives a number of. branches 
from the joint and from the neighbouring muſcles. 
A little above the ham it receives the name of the 
crural vein, which takes its courſe upwards between 
the biceps and other flexors of the leg, cloſely ac- 
companied by the crural artery. When it has ar- 
rived oppoſite the trochanter minor it receives three 
conſiderable veins, the circumflexa interna, externa, 
and profunda, which correſpond with the arteries. of 
the ſame names. About an inch below the liga- 
ment of Fallopius, it receives the vena ſapphena 


major, the courſe of which has already been de- 
ſcribed. About this place it alſo receives the venæ 


pudicz externa. 
After paſſing under the ligament of Fallopius, 


and entering the pelvis, it changes its name to that : 


of the external iliac vein. It now receives the vena 


epigaſtrica, which deſcends towards it at the ante- 
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290 Viena Cava, Gc. [Book IX. 
rior part of the abdomen, and other venous branches 
from the adjacent parts. After having received the 
venous branches which correſpond with the arterial 
branches of the external iliac artery, the external 
tac vein unites with the trunk of the internal iliac, 
or hypogaſtric, vein, which returns the blood ſent 
to the pelvis by the artery of the ſame name, 
| Theſe two venous trunks uniting, form the vena 
iliaca communis, and the iliacæ communes of both 
ſides uniting, form the inferior vena cava. I his 
aſcends on the vertebrae but inclines towards the 
right ſide, whereas the aorta 1s placed towards the 
left. It receives the venæ lumbares, which enter it 
behind in pairs. Higher up it is joined by the 
emulgent veins from the kidneys, the venæ capſu- 
lares from the glandulæ ſuprarenales, and by the 


right ſpermatic vein. The left ſpermatic vein 
commonly goes into the emulgent vein of the ſame 
ſide. Oppoſite the liver the vena cava receives 
the blood from the diaphragm and pericardium., 
Hitherto, none of the veins which return the blood 
ſent to the abdominal viſcera by the cxliac*and the 
two meſenteric arteries have been noticed. The 


courſe of this blood, however, deſerves any 
attention. 


The veins of the 0 form the beginning of a 
vein called vena meſeraica minor, or vena hæmor- 
rhoidalis interna. This afterwards unites with a 
branch from the left part of the arch of the colon, 
and opens at length into the vena ſplenica. 
The vena ſplenica returns the blood from the 
ſpleen, and in its paſſage alſo receives branches from 
| . | the 


» ” 


Thap. 25. 10 Veins of ihe Viſeera. 5:14:55 Wot 
the ſtomach; panereas, and omentum, and alſo the 
vena meſeraica minor laſt deſcribed  * 


The vena meſeraica major returns the blood of 


molt of the branches of the arteria meſenterica - 


ſuperior, which are diſtributed on the ſmall in- 

teſtines and right portion of the colon. Ir alſo 
receives the vena cæcalis from the beginning of the 
colon, the gaſtro colica, partly from the ſtomach 
and partly from the colon, and ſome other branches 
from the adjoining viſcera, which vary in different 
ſubjects. 

The vena ſplenica receives the vena meſeraica 
minor, and the vena meſeraica major the vena ſple- 
nica, and thus is brought into one veſſel, called the 
vena portz, the blood which comes from the omen- 
tum, the pancreas, the ſpleen, the ſtomach, and the 
| fivall and great, inteſtines. The blood, however; 

thus collected, is not immediately returned to the 
heart, as in other parts of the body; for the vena 
portæ, having arrived at the concave part of the 
liver, is firſt divided into five branches, and theſe 
into others more minute, which are diſtributed 
through that organ like ärteries, and which per- 

form the ſecretion of the bile. Where the vena 
portz enters the liver, its ſtructure becomes more 
robuſt; to enable it to perform its new office. The 
blood, thus circulated through the liver, is again 
collected by another ſet of veins; which, uniting 
into two or three principal trunks, called venz he- 
paticæ, pour their contents into the vena cava. 
The vena cava, having received theſe veins, per- 
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292 Explanation of the Plate of Veins. I Bool Ix. 
ing with the ſuperior cava, they empty themſelyes 
together into the anterior auricle. | 

The veins are repreſented in plate XIII. nch 
not ſo . as I could e wiſhed. ; 


a. a. Vena cava. | | 
5. Deſcending trunk of 1 2 
c. c. Aſcending trunk of the cava. 
2.4. Subclavian veins. 
e. Vena a2y gos. 8 
V. Intercoſtal veins. 
g. Mammary veins. 
i. i. Internal jugulars. 
1.1. External jugulars. 
m. Right axillary vein. . 
EE n. Cephalic vein, 
o. Baſilic. 
9. Phrenic. 
5. 3. Emulgents. 
w,w. Iliac branches, 
x. Internal iliacs. 
1. Vena ſacra. 
2. Spermatic veins. 


3. Epigaſtric. 
4. Saphena, - 


— —B Arr ps as Pang . IE, As pag 


en ß 
. — . 


* 
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STRUCTURE AND COURSE OF THE 
| LYMPHATICS. 


Tue Kinds of Lymphatics.=De-ription of theſe Vefſels.—Lym- 


phatic Glands,—LaFeals,—T horacic Du&.—Receptacle of the 


Che, c. 


YMPHATICS are ſmall pellucid veſſels, 
which convey fluids perfectly, or very nearly, 
colourleſs. The lymphatics are of two kinds; thoſe 


which take up fluids from the body in general, 


and thoſe which receive the digeſted aiiment from 
the inteſtines. The latter kind are called lacteals, 
and both of them terminate in a common trunk, the 
thoracic duct. 

The lymphatics have at leaſt two coats, which 
are thin and tranſparent, but tolerably ſtrong. They 
have alſo nerves and muſcular fibres, as may be col- 
lected from their ſenſibility when inflamed, and from 
their power of contraction. They are furniſhed 
with valves, which are placed in pairs, and which 
are ſo numerous, that three or four of them often 
occur within the diſtance of one inch. From this 
circumſtance, they are frequently called valvular 
lymphatic veſſels, to diſtinguiſh them from the mi- 
nute ramifications of the ſanguiferous ſyſtem, which 
alſo convey a colourleſs fluid. 

Lymphatics begin by extremely minute tubes 
from the whole ſurface of the body, from the cel- 
lular ſubſtance, from the cavities of the body, from 
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294 Vmpbatic Glands. [Book IX. 
all the glands, from all the viſcera, and i in general 
from every part of the ſyſtem. 

It is now well aſcertained, that nat only water is 
abſorbed by the lymphatics on the ſurface of the 
body, but many other ſubſtances. No lymphatics 

have been demonſtrated in the brain; but from a 
variety of circumſtances there can be very little 
doubt of their exiſtence. 

All the lymphatics of the body paſs through cer- 
tain glands, which are connected with them. When 
the lymphatics approach theſe glands, they ſend 
ſome branches to neighbouring lymphatics; other 
branches paſs over the ſurface of the glands, and 
others enter their ſubſtance, in which they are ſo 
minutely divided as to eſcape obſervation. A great 
nurmber of theſe glands are placed at the upper part 
of the thigh, belonging to the lymphatics of the 

lower extremity ; others are placed under the arm, 
belonging to thoſe of the upper; and there are ſimi- 
lar glands about the neck, and in various other parts 
of the body. It is at preſent diſputed among ana- 
tomiſts, whether lymphatic glands are formed of 
cells or convoluted veſſels; but the latter opinion 
ſeems to be more probable. Lymphatic or con- 
globate glands are of various ſizes, from that of a 
ſmall pea to that of a bean. They are commonly 
ſomewhat flattened. In young ſubjects they are 
found of a reddiſh or brown colour, but they be- 
come whiter in the progreſs of life. Their ſurface is 
ſhining, which is owing to a ſmooth denſe coat with 
which 1 they are covered. Theſe glands are ſaid to 
be wanting in ſome animals, which 15 have . 
* veſſels. 

T he 


| Chap. 26.] Lafeals. | 295 
F he lacteals are ſo called from a degree of white- 


neſs in their appearance like that of milk, which 
they receive from the colour of the fluid which they 


convey. They ariſe from the villous coat both of | 


the great and ſmall inteſtines, but principally from 
the ſmall, particularly the jejunum ; paſling in their 
courſe through conglobate glands, they advance 
between the "amine of the meſentery towards 
the ſecond. or third lumbar vertebra, where they 
meet with the lymphatics of the lower extre- 
mities. 

| Theſe are of two kinds, the ſuperficial 40 deep 
ſeated. The former chiefly lie at the inſide of the 


leg and thigh, and follow the courſe of the vena 


ſaphena major. In the groin they paſs through 
lymphatic glands. Being joined by the lymphatics 
of the lower part of the abdomen, they paſs under 
the ligament of Fallopius. The lymphatics of the 
lower extremities and pelvis, and the lacteals from 
the inteſtines, form the beginning of the thoracic 
duct. This veſſel alſo receives the lymph from 
the other abdominal viſcera. 

The thoracic duct, ſo called from its courſe 
through the thorax, uſually begins about the. ſecond 
or third lumbar vertebra. It is of different ſizes in 
different ſubjects, and is ſometimes extended at its 
lower part into a pyriform bag, called the recepta- 


culum chyli; but in general there is no enlargement 


ſo remarkable as to deſerve a particular name. The 
thoracic duct ſometimes divides and again unites, 


At its beginning, it is ſituated at the right ſide of 
the aorta. It is afterwards obſerved in the thorax, - 


lying en the aorta and vena azygos. It aſ- 
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296 Thoracic Dutt. [Book IX. 
cends as high as the fixth vertebra of the neck, 
where, forming an arch, it turns downwards and en- 
ters the left ſubclavian vein near the inſertion of the 
internal jugular. | 
The thoracic duct is fatniſhed with few valves, 

and theſe are placed without much regularity. At 
the place, however, where it is inſerted into the 
ſubclavian. vein, there 1s a circular valve, which 
prevents the blood from getting into it, 

Beſides the thoracic duct, which receives the 
lymph from the lower extremities and the left ſide, 
and the chyle from the inteſtines, there-is another 
veſſe] ſomewhat ſimilar, but much ſhorter, on the 
right fide. This receives the lymphatics from the 

right arm, the right lung, and the right fide of the 
head, and enters the right ſubclavian vein at the 


ſame place where the thoracic duct enters the 
left. | 


CHAP, 
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C H'A P, XXVII. 


'OF THE BRAIN, &c. 


The Dura Mater.—The Falx.—=Sinuſes of the Brain. 
Pia Mater.—The Cerebrum and Cerebellum.—Source of the 
Optic Nerwves—The Pineal Gland.—The ſuppoſed Seat of 
the Soul.—The Medulla Were of the eo 

| The Spinal Marrow. 


HE cavity of the cranium is every way ſur- 
| rounded with ſtrong bones, which have been 
already deſcribed. Within theſe, before we arrive 
at the ſubſtance of the brain, we meet with two 


membranes, called by the ancients the dura and pia 


mater, from an opinion that they were the ſource 
of the other membranes of the body. The ſame 
names are ſtill applied to them by the moderns, 


though, as in many other caſes, the reaſon has 


ceaſed. 


The dura mater is a thick, fim inſenſible * 
brane, extremely full of blood veſſels. Its external 


| ſurface performs the part of a perioſteum to the in- 
ternal part of the head, to which it adheres by nu- 
merous bload-veſlels, particularly at the ſutures, 


where they paſs through the cranium to communi- 


cate with thoſe of the external perioſteum. Its in- 
ternal ſurface is moiſtened by the exhalation of a 
thin fluid, which prevents its adheſion to the mem- 
' brane within. 

The dura mater forms ſeveral projections, which 
ſerve very important purpoſes, One of theſe, from 
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293 The Cerebrum and Crebellum. [Book IX. 


its reſemblance to the blade of a ſcythe, is called the 
falx. Its narroweſt end is attached to the criſta gall} 
of the ethmoid bone; it runs backwards along the 
_ courſe of the ſagittal ſuture, to where it meets 
with the lambdoidal. A little below the lambdoi- 
dal ſuture it divides into two wings, forming a 
' tranſverſe ſeptum, which is firmly attached behind 
to the os occipitis. The uſe of the falx is to divide 
the brain into its two hemiſpheres, and to ſupport 
them, and prevent their preſſing on each other when 
the head is turned to either fide, The tranſverſe 
ſeptum divides the great brain or cerebrum from 
the ſmaller brain or cerebellum, the former being 
placed above it, the latter below. It alſo ſupports 
the cerebrum, and prevents it from gravitating on 
the cerebellum when the body is in the erect poſture. 


The connection between the tranſverſe ſeptum ind 


the falx is ſuch, that they preſerve each other in a ſtate 
of tenſion, for if either of them is cut after the con- 
| tents of the cranium are removed, the other imme- 
diately becomes relaxed and flaccid. Below the 
tranſverſe ſeptum is ſituated a ſmaller falx, which 
ferves the fame purpoſes in the cerebellum as the 
great falx does in the cerebrum. In the tranſverſe 
ſeptum is a great oval notch, - through which the 
ſubſtance of the cerebrum and cerebelluin com- 
municate and are intimately mixed. 

Both the membranes of the brain paſs out of the 
cranium with the trunks of nerves, and afford them 
coverings, till they terminate in their ſentient extre- 
mities. | 

The blood which is circulated through the bei 
is not returned through ſuch veins as are found in 

other 
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other parts of the body. We here obſerve a pecu- 
| har kind of canals called ſinuſes, which are contained. 
in the duplicatures of the dura mater. The mo 
remarkable of theſe is the longitudinal, which 
runs in the upper part of the falx; at the tranſverſe 
| ſeptum this divides into. two others, called late. 
ral ſinuſes, whieh, Paſſing through the baſis of the 
cranium, terminate in the jugular veins. Near the 
concourſe of the ſuperior and lateral finuſes, we 
obſerve an opening, which is the orifice of a ſinus, 
ſituated along the union of the * and tranſverſe 
ſeptum. \ 
Theſe ſinuſes are ES Hey veins, 3 being 
conveyed through ſo fra a membrane as the dura 
mater, are much leſs liable to be ruptured or dif- 
tended ; theſe accidents are ſtill further guarded 
againſt by certain filaments, which paſs from one 
Gde of the ſinuſes to the other, and give ſtill further 
ſecurity againſt the bad effects which are found to 
ariſe from the preſſure of the brain, The veins, 
which pour their blood into the ſinuſes, enter them 
in ſuch a manner as to produce the effect of a valve, 
and to prevent the blood from returting into the 
tender veſſels of the brain, and thus over-diſtending 
them. CD 
Beſides the finuſes above- mentioned there are 
others of a ſmaller ſize, which anſwer the ſame im- 
portant purpoſes. All theſe communicate with 
each other and with the great lateral, ſinuſes, and 
therefore diſcharge their blood into the internal ju- 
gular veins. 
The cavernous or lateral ſinuſes of the os ſphe- 
goides are reſervoirs of a particular kind, contain- 
ing 


- 
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ing confi derable veſſels and nerves ; and likewiſe a 
cavernous and ſpongy ſtructure, which for ſome 
unknown purpoſe is conſtantly filled with blood. 

The pia mater is a much ſofter and thinner mem- 
brane than the former; it is connected to the dura 
mater only by the veins which open into the ſinuſes. 
The pia mater conſiſts of two lamine ; the exter- 
nal of theſe, from its extreme thinneſs, has been 
compared to the ſpider's web, and is named tunica 
arachnoidea ; at the upper part of the brain it is 
connected both to the dura mater and the internal 
lamina of the pia mater, by means of blood - veſſels, 
but in other parts it is quite ſeparate from both. 
It is ſpread uniformly over the ſurface of the brain, 
incloſing all the convolutions, but not entering be- 
tween any of them. 

On the contrary, the internal and moſt conſider- 
able lamina of the pia mater is not only inſinuated 
into the numerous folds and circumvolutions of the 
brain, but is continued into its cavities, performing 
the important office of conveying the blood-veſſels 
to that delicate organ in ſuch a minute ſtate of di- 
viſion, that their pulſation cannot be nne to 
its functions. | 

The brain completely fills the cavity of the cra- 
nium, and its form therefore correſponds with it ; 
it is convex above, irregular below, and flat at the 
ſides. Under the general name of brain, or ence- 
phalon, are included the cerebrum, which occupies 
the upper and largeſt portion of the cranium, and 
the cerebellum, which is ſeated in its lower and poſ- 
terior part, under the tranſverſe ſeptum. The cere- 

6 | brum 


Chap. 27.) Component Matter of the Brain. 301 
brum is divided longitudinally at its upper part, by 
the falx, into its two hemiſpheres. The irregular 
ſurface of the cranium below divides each hemi- 
ſphere into three lobes. The anterior lobe is lodged 
on the orbital proceſſes of the os frontis ; the middle 
lobe lies in the middle foſſæ of the baſis of the 
cranium ; the poſterior reſts on the tranſverſe ſep- 
tum over. the cerebellum. The cerebellum is 
itſelf divided into two hemiſphezes by the ſmall 
falx. | | 
The component matter of the brain is of two 
kinds; a greyiſh matter, which is for the moſt part 
placed without, and is therefore called the cortical, 
and a white matter called the medullary, which is 
generally ſituated within. The cortical part chiefly 
accompanies the convolutions of the brain; the 
medullary is entire, and ſeems to be compoſed of 
numerous white, minute, parallel, and very tender 

fibres. | | 
Having removed the falx from between the he- 
miſpheres of the brain, and drawn them gently from 
each other, we obſerve below a white convex ſur- 
face, which is part of what is called the corpus 
calloſum. It is a middle portion of the medullary 
ſubſtance, which, under the inferior edge of the falx, 
and for ſome. diſtance on each ſide, is parted from 
the maſs of the cerebrum by a fold of the pia ma- 
ter. Along the middle of the ſurface of the corpus 
calloſum, a kind of raphe or ſuture is formed by a 
particular intertexture of fibres croſſing each other. 
Immediately under theſe 1s placed the ſeptum luci- 
_ which 1 is connected below to the fornix, and 
divides 


302 Plerul Chopoidei, [Book IN) 
divides the anterior ventricles of the brain from cacti 
other. Theſe ventricles are diſcovered by making 
an horizontal inciſion in the brain, on a level with 
the corpus calloſum. When we have cut into them; 
we find that they are narrow canals, which take a 
very winding courſe through the ſubſtance of the 
brain. They are lined with the pia mater, and 
contain a curious collection of minute blood- veſſels. 
twiſted about each other, and called plexus cho 
roides. One of the anterior ventricles is ſituated 
in each hemiſphere of the brain, arid they are di- 
vided from each other by the ſeptum lucidum. 
Ihe ſeptum lucidum is united by its lower part to 
the anterior portion of that medullary body called 
the fornix, which forms a kind of arch; ſituated 
under the corpus calloſum, and is nearly of a trian- 
gular ſhape: Art the anterior part the fornix ſends 
off a double medullary cord, called irs anterior 
crura;; immediately below which we obſerve 2 
large white medullary rope ſtretched tranſverſely 
between the two hemiſpheres, and commonly called 
the anterior commiſſure of the cerebrum. To this 
fubſtance the ſeptum lucidum is connected. At 
the poſterior part of the fornix are two other crura, 
which unite with two medullary protuberances called 
pedes hippocampi. Under the fornix,” and imme- 
diately behind its anterior crura, there is a hole by 
which the two anterior ventricles communicate. In 
examining the ſubſtance of the cerebrum, the deeper 
we go towards the baſis of the cranium, we find 
that the medullary part becomes the broader. 
The plexus choroides is a very fine vaſcular tex- 
ture, conſiſting of a great number of arterial _ 
; vena 
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venal ramifications, ſpread over the lateral or an- 
terior ventricles. When we have removed this 
plexus, we diſcover ſeveral protuberances included 
in theſe cavities. Theſe are the corpora ſtriata, 
the thalami nervorum apron, and the nates and 
teſtes. | 

The corpora ſes are two curvied oblong « emi- 


nences, which extend along the anterior part of the 


lateral ventricles. They are called ſtriata or ſtriped, 
becauſe in cutting them we meet with a number of 
white and aſh coloured lines alternately diſpoſed; 
Theſe two eminences are of a greyiſh colour on the 
{urface, and larger before than behind, where they 
are narrow and bent. They may be conſidered as 
forming the convex baſes of the ventricles. 

The thalami nervorum opticorum are externally 
white, but alſo contain both cortical and medul- 
lary ſubſtance, and derive their name from being 
the chief ſource of the optic nerves. They are 
two eminences placed near each other, between the 
poſterior portions or extremities of the corpora 
ſtriata. They are cloſely united, and at their con- 
vex part form one body. Immediately under che 
union of the thalami nervorum opticorum lies a 
cavity called the third ventricle of the cerebram, 


This cavity communicates at its upper and fore 


part with the paſſage between the two lateral ven- 
tricles, and ſends down from its under and fore part 

a paſſage through the infundibulum ; it has a 
communication backwards with the fourth ven- 
tricle. 
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304 Suppoſed Seat of the Soul. [Book IX. 
the fornix, and the anterior part of the union of 
the thalami nervorum opticorum. It runs down- 


wards, and terminates by a ſmall membranous canal 


in a ſoftiſh body, ſituated in the ſella turcica of the 
ſphenoidal bone, and called glandula pituitaria. 


This ſubſtance was ſo named by the ancients, from 


its ſuppoſed office of cleanſing the brain from ſe- 
rous fluids. Its real uſe is wholly unknown. In 


ruminant animals it is much larger than in man. 


The nates and teſtes, or as they are otherwiſe de- 
nominated, tubercula quadrigemina, are four tu- 


| bercles, ſituated behind the union of the thalami 


nervorum opticorum, adhering to each other., They 
are externally white, and their internal ſubſtance is 
greyiſn. Between the two anterior tubercles and 
the convex part of the thalami nervorum opticorum 
is an interſtice called foramen commune poſterius. 
This, however, is cloſed by the pla mater, and does 
not open into any cavity. _ 

Above the tubercula quadrigemina, and behind 
the thalami nervorum opticorum, is fixed the pineal 


gland, This body is of an oval form, about the 


ſize of a pea, and is connected to the lower part of 


the thalami by two very white medullary pedun- 


culi. It ſeems to be moſtly formed of cortical ſub- 
ſtance, particularly at its upper part, and adheres 
cloſely to the plexus choroides, with which it is 
covered. This ſmall body has been rendered fa- 


mous by Deſcartes, who ſuppoſed it to be the ſeat { 


of the ſoul. It is often found, on being cut into, to 


contain a gravelly ſubſtance, which reſiſts the knife. 


1 Wert >. vn 


Below the pineal gland there is a tranſverſe medul- 
lary cord, called the poſterior commiſſure of the 
| hemiſpheres of the cranium. 


The 
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The cerebellum is ſituated under the tranſverſe 
ſeptum, in the poſterior and lower part of the cra- 
nium. Like the cerebrum it is compoſed of cine- 
ritious and medullary matter. It differs from the 
cerebrum, however, in having no circumvolutions 
on its ſurface ; inſtead of theſe, we here obſerve nu- 
merous furrows running parallel to each other, and 
nearly in a tranſverſe direction, into which enter 
folds. of the pia mater. Under the tranſverſe ſep- 
tum it is covered by a vaſcular texture which com- 
municates with the plexus choroides. It has ſour emi- 

nences which are turned in different directions, and 
which from ſome reſemblance to the rings of an 

earth- worm are named appendices vermiformes. 
The cerebellum 1s divided into two lateral parts by 
the ſmall falx ; on the back part it is divided into 
two lobes ſeparated by the occipital ſeptum of the 
dura mater. 


By cutting deeply into the ſubſtance 1 the cere- 


e in x direction of its falx, we obſerve an 
oblong cavity which is called the fourth ventricle ; 
this terminates backwards like the point of a writing- 
pen, and this end of it has therefore been called 


calamus ſcriptorius. At the beginning of this cavity 
we meet with a thin medullary lamina which has 


been conſidered as a valve. This ventricle is lined 
like the others with the pia mater, which is conti- 
nued through all theſe cavities. . . 

The ſubſtance of the cerebellum appears very 
different, according to the direction in which it is 
cut. By dividing it vertically we find the medul- 


lary part diſpoſed ſo as to exhibit the appearance of 


a tree. Theſe ramifications unite to form a me- 
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dullary trunk ; the middle, anterior, and moſt con- 
ſiderable part of which forms two proceſſes, the 
crura cerebelli, which uniting with the crura cerebri 
_ conſtitute the medulla oblongata, which will be next 
deſcribed; when the cerebellum is cut horizon- 
tally this appearance 1s entirely loſt. 

The medulla oblongata is ſituated in the lower 
and poſterior part of the cranium, and is formed of 
two.conſiderable medullary proceſſes of the cerebel - 
lum, and of the two larger proceſſes of the cerebrum 
called their crura, It may therefore be conſidered 
as a medullary maſs common to both cerebrum and 
cerebellum, by the reciprocal continuity of their 
ſubſtances through the great notch in the tranſverſe 
feptum. The medulla oblongata can only be ſeen 
when removed from the cranium, and the deſerip- 
tion can only apply to the parts en viewed in 
their inverted ſituation, 

The crura cerebri ariſe from the middle and lover 
part of each hemiſphere. Where they ariſe from 
the cerebrum they are ſeparate, but converge as 
they run backwards ſo as to reſemble the letter 
V. Where they unite they form a middle tranſ- 
verſe protuberance called the pons Varolii, becauſe | 
that anatomiſt compared it to a bridge, and the two 
crura cerebri to two rivers. This compariſon, 
however, conveys no idea of the real appearance of 
the parts, and the pons Varohi is to be conſidered 
merely as an eminence formed by the union of the 
crura of the cerebrum and cerebellum. 

Between the crura cerebri and near the anterior 
edge of the Pons Varolii are two white eminences, 
named eminentiæ mamillares. From the poſterior 


5 On part 
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part of the pons Varolii the medulla oblongata is 
contracted, and deſcends obliquely backwards to the > 
foramen magnum of the os occipitis, where it termi- 
nates in the medulla ſpinalis. In this part of it ſeveral 
appearances are to be noticed. We obſerve four 
eminences, two named the corpora olivaria, and the 
other two the corpora pyramidalia. Immediately be- 
hind theſe we diſcover the beginning of two grooves, 
one above and one below. Theſe becoming deeper 
divide the medulla oblongata into two cylinders. 
When we ſeparate theſe with the fingers we obſerve 
ſeveral medullary cords which croſs each other in 
paſſing from one lateral portion to the other. 

The corpora olivaria and pyramidalia are whitiſh 
eminences ſituated longitudinally near each other 
immediately behind the pons Varolii, The corpora 

olivaria are outermoſt and are nearly of an oval 
ſhape. Between them are the corpora pyramidalia, 
each of which terminates in a point. 

It is obſervable, in general, with reſpect to the 
eminences of the medulla oblongata, that thoſe 
which are medullary without are chiefly corti- 
cal within. What are the diſtin functions of 
theſe ſubſtances which appear ſo different to the eye, 
and what purpoſes are aniwered by their intermix- 
ture, are points which muſt remain undetermined 
till we can diſcover the connection between the 
mind and the body, and enter into the ſecret me- 
chaniſm of this wonderful engine of ſenſation and 
intellect, 

The brain of birds is covered with the common 
membranes, but its external ſurface is not formed 
into ſo many gyræ or convolutions as ours. Its 
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308 | Brain of Birds. [Book IX. 
anterior part is quite ſolid, of a cineritious colour, 
and ſo far has a reſemblance of the corpora ſtriata 
as to give riſe to the olfactory nerves. The whole 
of it appears to us imperfect, and we can ſcarcely 
diſtinguiſh whether there is any thing analogous to 
a third or fourth ventricle : neither the corpus callo- 
ſum, for, nates or teſtes can be obſerved here: 
which parts therefore cannot be conſidered as ne- 
ceſſary to the functions of life; we might how- 
ever be led to imagine, that they are ſubſervient to 
the ſuperior intellectual powers of the human mind, 
did we not find that quadrupeds have theſe parts as 
well as men. Theſe appearances ſeem rather to 
depend on the various diſpoſition and direction of 
the fibres which compoſe the brain, and the parti- 
cular uſes which have been aſſigned to the different 
parts of the brain ſeem to have no other foundation 
than the fancy of authors, who have indulged them- 
ſelves in fruitleſs ſpeculations. Thoſe birds which 
ſeek their food below the furface of water, mud, 
&c. have large nerves which run quite to the ex- 
tremity of the bill, by which the ſenſation of that 
part is rendered more acute. 

From the medulla oblongata, which is formed 
by the union of the cerebrum and cerebellum, ariſe 
not only the ſpinal marrow, but almoſt all the other 
nerves which perforate the baſis of the cranium. 
The medulla ſpinalis, or ſpinal marrow, is a con- 
tinuation of the medulla oblongata, which paſſes 
through the great foramen of the cranium, and is 
continued down the bony canal formed by the ver- 
tebræ. The figure of the ſpinal marrow is com- 
preſſed, being flatter behind than before, where we 

4 obſerve 
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obſerve a continuation of thoſe grooves which di- 
vide the medulla oblongata into its lateral portions. 


In the medulla ſpinalis theſe appear like two cords 


cloſely applied to each other, but which' may be 


eaſily ſeparated both before and behind till we come 


to their middle, where they are joined together by 
a thin layer of cineritious ſubſtance paſſing from one 
cord into the other. The ſpinal marrow, like the 
parts of which it 1s a continuation, conſiſts of me- 
dullary and cineritious ſubſtance ; the former, how- 
ever, is here placed without; the cineritious is placed 


within, and by a tranſverſe ſection of the medulla 


ſpinalis it appears to be in the form of a horſe-ſhoe, 


the convex fide of which is turned forwards and its 


extremities backward. 


The ſpinal marrow is inveſted both with the Suits 
and pia mater. The former of theſe in paſſing out 


of the foramen of the os occipitis, forms a kind of 


_ funnel, adhering at its upper part to the ligamen- 


tary ſubſtance which lines the bony canal of the 
vertebræ. Lower down there is no adheſion, ex- 
_ cept where the nerves paſs through the notches of 
the ſpine, where the dura mater, which inveſts the 
medulla ſpinalis, ſends out on each fide the ſame 
number of ſheaths as there are oy and 
nervous trunks. 
The pia mater is connected with the dus mater 
by means of a thin tranſparent ſubſtance, which from 


its indentations between the ſpinal nerves has been 


named the ligamentum denticulatum, Its uſe is to 
ſupport the medulla ſpinalis, that 1t may not affect 
the medulla oblongata, or ſpinal nerves by its weight. 

The lower end of the ligamentum denticulatum 
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310 Spinal Marrow, [Book IX. 
runs to the os coccygis far below the termination 
of the ſpinal marrow. 

Each lateral portion of the medulla ſvinali ſends 
off, both from the fore and back parts, flat faſciculi 
of nervous fibres. The anterior and poſterior faſ- 
ciculi are ſeparated from each other by the liga- 
mentum denticulatum ; then paſſing outwards they 
proceed through the dura mater by two diftin& 
openings very near each other, Having penetrated 
the dura mater, the poſterior bundle forms a gang- 
lion, from the oppoſite end of which the trunk 
comes out again, and is there Jed by the anterior 
bundle. 

The membrana arachnoides 1s here very diſtin&t 
from the internal lamina of the pia mater; fo that 
by blowing through a hole made in the arachnoides, 
it will ſwell from one end to the other like a tranſ- 
parent inteſtine. 

The ſpinal marrow gives riſe to about thirty 
pair of nerves. Thoſe which come out between 
the vertebræ of the neck are thinner than the reſt, 
and are placed almoſt tranſverſely; as we deſcend, 
we find them running more and more obliquely 
downwards, and when we arrive at the ſecond 
vertebra of the loins, the ſpinal marrow is ſplit 
into numerous thread-like fibres, and from its ap- 
- pearance is called cauda equina, or the horſe's tail. 
The nerves which ariſe from the different parts of 
the brain and ſpinal marrow will be treated of in a 

ene 
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STRUCTURE AND GENERAL DISTRIBUTION OF 
THE NERVES. 


Origin of the Nerves.— Extreme ſubtility of the Nervous Fibres — 
Ganglions,-—Plexus.—Fontana's Microſcopical Obſervations on 
Nerwes,—Nerwes from the Brain. Ol factory and Optic Nerves, 
Sc. Auditory Nerves, &c.—Lingual Nerves, & c,—Sympa- 

' thetic Nerve.—Nerves from the Spinal Marrow.—-Phrenic 
Nerve.—Dorſal and Brachial Nerves, & c. Lunbar and 
Crural Nerves, Fc. Sciatic 158 


ERVES are white cords diſtributed from 
the brain over the whole body ; they riſe, 
as was intimated in the preceeding chapter, either 


immediately from the brain or mediately from it 


by means of the ſpinal marrow, which is itſelf a 


continuation of the fibres of the brain, and might 


without impropriety be conſidered as the largeſt 


nerve in the body. The nerves, as they paſs off 


from the brain and ſpinal marrow are inveſted, and 


collected into firm cords, by the dura and pia ma- 
ter. The former, however, is ſoon reflected back, 


but the latter accompanies them through all their 


ramifications, and is ſuppoſed to be only thrown 
aſide where they terminate in their ſentient ex- 


tremities. | 
As the medullary fibres are obſerved to decuſ- 
fate each other in different parts of the brain, and 
as injuries of one ſide of the head have often been 
_ obſerved to produce a palſy of the oppoſite ſide of 
the body, 1 it has been ſuppoſed that all the nerve. 
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originate from the ſide of the brain oppoſite to that 
at which they come out. This opinion, however, 
is far from being eſtabliſhed, becauſe a decuſſation 
in ſome parts is by no means a proof that it ob- 
tains univerſally ; and though there are inſtances 
of injuries of the head, which have produced a palſy 
of the oppoſite ſide, there are others in which 
the injury and palſy were both on the ſame ſide. 
Nerves are compoſed of threads of the ſmallneſs 
of which we have probably no adequate idea. To 
aſſiſt us in forming one, we muſt conſider how 
uniformly nerves. are diſtributed to even the moſt 
minute fibre of the body, and yet were they all con- 
Joined, they would not make a cord of an inch 
diameter. It is deduced from actual obſervarion, 
that each fibre in the retina of the eye, or expanded 
optic nerve, cannot exceed in diameter the thirty- 
two thouſand four hundredth part of a hair. 
Different nerves in their courſe often meet to- 
gether, and form oblong reddiſh maſſes, called 
ganglions, larger than the nerves which form them, 
and alſo of a firmer conſiſtence. Within the gang- 
lions the fibres of the nerves ſeem to be thoroughly 
mixed, and to approach more N to the nature 
of medullary matter. By ſome phyſiologiſts gang- 
Hons are ſuppoſed to be ſmall brains, whence the 
nerves acquire new power and energy. Others, 
obſerving that the nerves which ſupply the muſcles 
of involuntary motion, as thoſe of the heart and 
inteſtines, are particularly ſupplied with ganglions, 
have conſidered them as deſigned to intercept the 
operation of the will. Their real uſe is unknown 
to us, but from whatever cauſe it may happen, the 
- N nerves 
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nerves which proceed from a ganglion are rather 
larger than the ſum of thoſe which form it. 

Several nerves frequently meet together, and 
by numerous junctions produce an appearance 
ſimilar to that of net work, and this is called a 
plexus. 

Nervous cords avs very little er com- 
pared with ſome other parts of the body. 

The Abbe Fontana has taken great pains to aſ- 
certain the primitive ſtructure of nerves. On ex- 
amining a number of nerves with microſcopes of 
low powers, ſo as not to magnify more than four 
or five diameters, they always appeared to be ſur- 
rounded with white ſpiral bands not unlike the 
effect which would be produced by a ribbon twiſted 
round a cylinder. The ſpiral bands were ſome- 
times perfectly regular, ſo as to be of equal width 
along the whole length of the nerve examined, and 
to leave a ſpace of a le bright colour of the ſame 
width between them; at other times they were 
irregular and croſſed each other at uncertain 
diſtances; this latter appearance, however, was 
found on further examination to proceed from the 
nerve ſubmitted to examination being compoſed 
of many others: for where he carefully ſeparated a 
nerve from thoſe which adhered to it, and examined 
it by itſelf, he always found the ſpiral bands regular. 
He ſaw theſe appearances very plainly in nerves 
not larger than a hair, with lenſes of very ſmall 
power, and was therefore perſuaded that this ap- 
pearance of bands was not an optical illuſion. 

The ſame. nerve, however, which to the naked 
eye, and by a lens of ſmall power exhibited this 


Appearance, 
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appearance, when. examined by a microſcope of 
high powers, appeared to conſiſt merely of paralle] | 
but twiſting fibres. 

He next removed the 4 tiſſue or ſneath of 
a nerve, without injuring its texture; but ſtill with 
a microſcope of high powers he could perceive no- 
thing but waving and twiſting fibres, and nothing 
but ſpiral bands with the naked eye. After apply: 
ing, however, to theſe obſervations for two or three 
days, he found, that by merely moving the re- 
flecting mirror, he ſometimes ſaw twiſting fibres 
and ſometimes ſpiral bands with the fame lens. He 
is therefore under a neceſſity of giving up his ſup- 
poſed diſcovery, and of allowing that the eval 
bands were merely an optical deception. | 

From his obſervations he can deduce no more 
than that nerves are formed of a great number of 
tranſparent, homogeneous, uniform, and very ſimple 
cylinders. That theſe cylinders are formed by an 
extremely thin tunic, uniformly filled by a gelatin- 
ous tranſparent humour, which is inſoluble in water; 
each-of theſe cylinders 1s covered by an external 
ſheath which is compoſed of a great number of twiſt- 
ing threads. Many tranſparent cylinders conſtitute a 
nerve which is ſcarcely viſible to the naked eye, 

and many of theſe form the nervous cords which 
are ſeen in animals. 

The Abbe Fontana alſo ſubmitted to BY microſ- 
cope the medullary and cortical parts of the brains 
of ſeveral animals. In theſe, however, the appear- 
ances were pretty ſimilar, and the ſubſtance of 
both appeared to be organic, vaſcular, 8 
| and twiſting, like inteſtines. - 

The 
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The nerves proceed from the encephalon and 
ſpinal marrow. Ten pair are uſually enumerated 
as ariſing from the former, and thirty from the 
latter. I ſhall firſt deſcribe the origin and courſe 
of thoſe of the encephalon. Anatomiſts mention 
theſe in the order in which they preſent themſelves 
when the brain is lifted from the cranium ; thoſe 
which come from the anterior part of the cere- 


brum are therefore placed before thoſe which ariſe 


lower down from the cerebellum and medulla 


oblongata. | | 


The firſt pair of nerves is the olfactory, which 


proceed from the corpora ſtriata; they approach 
the cribriform plate of the os ethmoides, where 
they ſplit into a great number of filaments, which 
paſs through the perforations of that bone. Aﬀeer- 
wards being joined by a branch from the fifth pair, 


they are ſpread on the internal membrane of the 


noſe, and conſtitute the organ of ſmelling. 

The ſecond pair of nerves is the optic, which are 
continued from the thalami nervorum opticorum, 
and are of a large ſize; they firſt make a large 
curve outwards, and then run obliquely inwards 
and forwards, till they unite at the fore part of the 
ſella turcica; they then divide, and each runs to 
its proper foramen in the ſphenoid bone. They are 
accompanied to the eye by the ocular artery, and 
are at length expanded into the tender and pulpy 
ſubſtance of the retina, which receives the impreſ- 
fions of light. The union of the optic nerves has 
been thought to explain ſome phenomena of viſion, 
as our ſeeing objects ſingle with two eyes, and 
their uniform motion. The union of the optic 
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cerebelli, where they join with thoſe of the cere- 
| brum, to form the tranſverſe protuberance or pons 
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nerves generally appears fo {conſiderable, that ſome 
anatomiſts have thought that they decuſſated each 


bother, and went to the eye on the oppoſite ſide of 
the head from that whence they aroſe. In many 


fiſhes the optic nerves evidently croſs each other, 
but this does not ſeem to be the caſe in man. 
They are inſerted into the eyes, not directly at their 
poſterior part, but rather towards that ſide which 
is placed next the noſe, We are unable to ſee 
with that part ot the retina where "g opuc nerve 
Enters. | 

The third pair called motores * 8 from 
the crura cerebri, near the pons Varolii; they run 
along the ſide of the ſella turcica, and paſs out at 
the foramina lacera, after which each of them di- 
vides into branches; one of theſe, after forming a 
ganglion, is diſtributed to the globe of the eye; the 
others are ſent to the muſculus rectus of the pal- 
pebra, and to the attollens, adductor, deprimens, and 
obliquus minor muſcles of the eye ball. 

The fourth pair of nerves called pathetici, are 
the ſmalleſt of al!; they ariſe from near the 
cubercula quadrigemina ;_ they paſs out at the 
foramina lacera, and are entirely ſpent on the 
muſculi trochleares or ſuperior oblique muſcles of 
the eye balls. 

The fiſth pair is the largeſt of thoſe which pro- 
ceed from the head; ew riſe from the crura 


Varolii. In their progreſs they appear thicker at 
the ſides of the fella turcica, where each forms a 


diſtinct 
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diſtinct ganglion, from which proceed three 
branches, which paſs out of the cranium. 
The firſt branch of the fifth pair is the opthal- 
mic; it paſſes out of the foramen lacerum, and is 


in its paſſage connected with the ſixth pair; it 


afterwards communicates with the firk and third 
pairs, and is chiefly ſpent on the orbit and the ap- 
pendages of the eye. One branch paſſes through 
the foramen ſuperciliare of the os frontis, to be dil 
tributed on the forehead. 


The ſecond branch of the fifth pair is chiefly 


ſpent on the parts of the upper jaw, and is there- 
fore called maxillaris ſuperior it is diſtributed on 
the upper jaw bone and its teeth, on the fore part 
of the palate, the checks, upper lips, and noſtrils. 


This branch communicates with the fixth pair 


of nerves, and with the ae dura of the ſeventh 
pair. 

The third and molt conſiderable branch of the 
afth pair 1s the maxillaris inferior ; part of this 
is loſt in the tongue ; another part goes to the 
teeth of the lower Jaw, to each of which it ſends'a 
{ſeparate twig; it is partly alſo diſtributed on the 
muſcles of the lower jaw. 

The ſixth pair of nerves is ſmall, and is chiefly 
diſtributed on the abductor muſcle of the eye; it 
ariſes from the forepart of the corpora pyramidalia, 
and in its progreſs towards the foramen lacerum 
paſſes through the receptacula at the ſides of the 
{ella turcia, where it is immerſed in blood, but for 
what purpoſe is unknown. In the paſſage of this 


nerve below the dura mater, it lies very contiguous | 


to the carotid artery, and at thn part a twig from it 
+ > deſcends 
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. K „7757ßßßFFFFßßßǴõͥẽ«: oo ar af SEES. - 
* A 1 NN — att r wax \ 3? 8 * e a n $9444 »Pag — MV 
ARET no 2b EF ˙ A ²˙ . ROWE TIO) ON . . W 

- ESO On >; Come CG a N * 9 7 

. * ew 82 : 3 ws N . 5 7 1 % rern 

F 6 _ = 88 ä 4 , : 8 — 7 

r — — — err ATT St het ny 2 A 


e e a 
3 3 7 — 
ihr. hl WY 12 


1 


. 


„3 n 
E K eee Donny 
— „ Ray —— A ··*— 


er e 
* r x 


_ — |. 
Sx Bad; 


ee BF 
25 I IG 
—— 


— eo 
* e 8 
eee re us e . 


— 
2 — 3 
as wth 
, * 1 4 N it 
= 5 * * 2 


— 
TY 8 * > Fo lee 
1 1 : 


» a. 7 
* 2 7 


SB LR © 3. fp To HT 
42 > $6 eas Ee 
—. * 2 <= . — 


„ 
2 
me 


ES ts 


D 2 FW =? 9s 4 
K 
9 


Se 


ä — 2 — — — et 

Ee MED SE METS 
Di LIES 

— 


888 3 e c f 
3 „ . p W 

. 9 7 = " 4 - my „ 

E 6 # * 1 - . 4 5 

Ent os ‚·⏑ , fr re n 


IN 


318 | Nerves of the Ear, &c. [Book IX. 
deſcends with the artery to form the * of 
the intercoſtal nerve. 


The ſeventh pair comes out from the lateral part 


of the tranſverſe protuberance, and appears to be 
double, each being accompanied with a larger 


artery than moſt other nerves; it then enters the 


Internal meatus auditorius, where it ſeparates into 
two diſtinct portions; one of theſe goes to the 


internal parts of the ear, and is there expended in 
producing a pulpy membrane reſembling the retinaz 
this diviſion of the nerve is called the portio mollis; 
the other, the portio dura, communicates with the 
fifth pair, and piercing through the parotid gland is 
divided into numerous ramifications which are ſpent 
on the upper part of the neck and ſide of the 
head. 


Ihe eighth pair of nerves, which from the length 


of its courſe and the variety of parts to which it is 
diſtributed is called par vagum, ariſes from the 
lateral baſes of the corpora olivaria in ſeparate 
fibres. The eighth pair is ſoon joined by the nerv- 
us acceſſorius which is derived from the tenth pair 
of nerves, and from ſeveral of thoſe of the neck; 
thus united, they paſs out of the cranium through 
the ſame opening with the internal jugular*vein ; 


uhen they get out of the cranium the nervus ac- 
cCepſſorius leaves the eighth pair, and paſſing through 


the ſterno maſtoideus muſcle, is diſtributed on that 


and the trapezius. The eighth pair now diſperſes 


various branches to the tongue, larynx, and pharynx, 


Which are united with branches of the fifth pair; with 


the portio dura of the ſeventh pair, with the 
recurrent nerve, with the great intercoſtal, and with 
the ninth pair and all the cervical nerves. Being 

ſeparated 
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ſeparated from theſe nerves it runs down on the 


external ſide of the carotid artery, and as it is 
about to enter the thorax a conſiderable nerve 
called the recurrent is ſent off on each ſide. 
The right recurrent nerve takes a turn round the 
right ſubclavian artery, and the left round the aorta ; 
and both of them running up again at the fide of 
the ceſophagus to which they give branches, are ſpent 
on the parts of the larynx. We find from many 
inſtances that nerves court the neighbourhood of 
arteries, but what are the purpoſes of ſuch a diſtri- 
bution it is not eaſy to determine, 

At the part from which the recurrent nerves ariſe, 


are alſo ſent off twigs which join with the branches 


of the intercoſtal, and which are diſtributed on the 


heart, where they form a plexus on the pericardium. 


The two trunks of the eighth pair now deſcend by 
the ceſophagus to the ſtomach, where plexuſes 
are produced, whence the ſtomach is plentifully 
ſupplied with nerves, and ſome are ſent to the 
diaphragm, the liver, and the pancreas. From 
| theſe are ſent branches, which contribute to form 
plexuſes on the ſpleen and kidneys. Near the 
cæliac artery the eighth pair alſo unites with the 

great ſemi-lunar ganglion, formed by the two in- 
_ tercoſtal nerves. I have been the more particular 
with regard to the eighth. pair of nerves, merely to 
give the reader an idea of the very complex manner 
in which the nerves are united to each other, and 


to evince the careful proviſion which is made to 


ſupply the moſt important viſcera from a variety 
of ſources, 
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5 318 8 Nerves of the Ear, &c. [Book IX. 
deſcends with the artery to form the beginning of 
the intercoſtal nerve. 

The ſeventh pair comes out from the lateral part 
of the tranſverſe protuberance, and appears to be 
double, each being accompanied with a larger 
artery than moſt other nerves; it then enters the 
internal meatus auditorius, where it ſeparates into 
two diſtinct portions ; one of theſe goes to the 
internal parts of the ear, and is there expended in 
producing a pulpy membrane reſembling the retina; 
this diviſion of the nerve is called the portio mollis; 
the other, the portio dura, communicates with the 
fifth pair, and piercing through the parotid gland is 
divided into numerous ramifications which are ſpent 
on the upper part of the neck and ſide of the 
head. 
The eighth pair of nerves, which from the length 
of its courſe and the variety of parts to which it is 
diſtributed is called par vagum, ariſes from the 
lateral baſes of the corpora olivaria in ſeparate 
fibres. The eighth pair is ſoon joined by the nerv- 
us acceſſorius which is derived from the tenth pair 
of nerves, and from ſeveral of thoſe of the neck ; 
thus united, they paſs out of the cranium through _ 
the ſame opening with the internal jugular*vein ; 
when they get out of the cranium the nervus ac- 
ceſſorius leaves the eighth pair, and paſſing through 
the ſterno maſtoideus muſcle, is diſtributed on that 
and the trapezius. The eighth pair now diſperſes 
various branches to the tongue, larynx, and pharynx, 
Which are united with branches of the fifth pair; with 
the portio dura of the ſeventh pair, with the 
recurrent nerve, with the great intercoſtal, and with 
the ninth pair and all the cervical nerves. Being 

ſeparated 
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ſeparated from theſe nerves it runs down on the 
external ſide of the carotid artery, and as it is 
about to enter the thorax a conſiderable nerve 


called the recurrent is ſent off on each ſide. 


The right recurrent nerve takes a turn round the 
right ſubclavian artery, and the left round the aorta ; 


and both of them running up again at the fide of 


the ceſophagus to which they give branches, are ſpent 
on the parts of the larynx. We find from many 
inſtances that nerves court the neighbourhood of 
arteries, but what are the purpoſes of ſuch a diſtri- 
bution it is not eaſy to determine. 

At the part from which the recurrent nerves ariſe, 
are alſo ſent off twigs which join with the branches 
of the intercoſtal, and which are diftributed on: the 
heart, where they form a plexus on the pericardium. 
The two trunks of the eighth pair now deſcend by 
the ceſophagus to the ſtomach, where plexuſes 
are produced, whence the ſtomach 1s plentifully 
ſupplied with nerves, and ſome are ſent to the 
diaphragm, the liver, and the pancreas. From 
theſe are ſent branches, which contribute to form 
plexuſes on the ſpleen and kidneys. Near the 


cæliac artery the eighth pair alſo unites with the 


great ſemi-lunar ganglion, formed by the two in- 
tercoſtal nerves. I have been the more particular 


with regard to the eighth pair of nerves, merely to 


give the reader an idea of the very complex manner 
in which the nerves are united to each other, and 
to evince the careful proviſion which is made to 
ſupply the moſt important viſcera from a variety 
of fources, 
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320 © Oympathetlc Nerve. [Book IX. 
The ninth pair or lingual, > from the inferior. 


part of the corpora- pyramidalia and paſſes out 


through the occipital bone. After they have arrived 


on the outſide of the cranium they adhere firmly for 


ſome way to the eighth and the intercoſtal; then after 
ſending a branch to communicate with the cervical 
nerves they enter the 1 and are loſt in its ſub- 

ſtance. | 
The tenth pair of the head is by {ome anatomiſts 
conſidered as the firſt of the vertebral. It riſes by 
ſeparate threads from the ſide of the ſpinal marrow, 
paſſes out between the os occipitis and firſt vertebra 
of the neck, and after having given branches to the 
great ganglion of the intercoſtal, and ſome of the 
cervical nerves, is loſt in the adjoining muſcles. 
It has been already mentioned that a branch ofthe 


ſixth pair of nerves, joined by atwig from the fifth, ac- 


company the internal carotid artery through its bony 
channel, and paſſing out of the cranium, conſtitute 
the beginning of the great intercoſtal or ſympathe- 
tic nerve. As ſoon as the nerve has got without 
the cranium it is connected a little way with the 
eighth and ninth pairs; ſeparating from theſe it 
forms a large ganglion, into which enter branches 
from the renth of the head and from the firſt and 
ſecond pairs of the cervical nerves. Thence run- 
ning down the neck with the carotid artery, and 
diſtributing nerves to the adjoining muſcles, it forms 
another ganglion as it is about to enter the thorax, 
whence nerves are ſent to the trachea and heart; 


_ thoſe which goto the heart being united with nerves 


from the eighth pair. Below che ſubclavian artery 
the fibres of the intercoſtal unite to form a third 
2 ganglion, 
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ganglion. Aſter this the trunk of the intercoſtal 
paſſes down by the ſpine, cloſe to the tranſverſe 


proceſſes, through the cavity of the thorax. In 
this courſe all the dorſal nerves as they come from 


the ſpine contribute to its increaſe by the addition of 


twigs on each fide. Deſcending ſtill lower it re- 
ceives ſimilar acceſſions from the nerves which 
come out between the lumbar vertebræ and os 
ſacrum. At the extremity of the os coccygis the 
intercoſtals of the oppoſite ſides are turned inwards 
and unite with each other. The intercoſtal 18 
larger in the thorax than it is either above or be- 
low. | 
From the part whenee the fifth, ſixth, ſeventh, 
eighth and ninth dorſal” nerves are ſent to the in- 
tercoſtal, come out as many branches, which form 
an anterior trunk called the ſmall intercoſtal nerve. 
This paſſes through the poſterior : part of the dia- 
phragm to form with the great intercoſtal of the op- 
poſite ſide, and with the eighth pair, a large ſemi- lunar 
ganglion, ſituated between the cæliac and ſuperior 
meſenteric arteries. From this ganglion, as from 
a centre, nerves are ſent to the liver, pancreas, 
ſpleen, duodenum, jejunum, ileum, and a large 
part. of - the colon. | 
Several fibres alſo paſſing Sean on the 
aorta are joined by other nerves from the poſterior 
trunk of the intercoſtal, and form plexnſes which 
ſupply the kidneys, glandulæ, ſuprarenales, &c. 
They alſo form a plexus about the inferior meſen- 
teric artery, which accompanies its branches to that 
part of the colon which lies at the left fide 9 the 
abdomen, and to the rectu m. 
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322 Cervical Nerves. [Book IX. 
The firſt cervical pair of nerves comes out be- 
tween the firſt and ſecond cervical vertebre ; the 
ſecond cervical pair between the ſecond and third. 
Theſe nerves communicate with each other and 
with thoſe nerves of the head which paſs down to 
the neck. They are afterwards chiefly ſpent on 
the extenſors of the head, the levators of the ſca- 
pulz, and the neighbouring integuments. 
The third cervical nerye paſſes from the ſpinal 
marrow, between the third and fourth vertebre, and 
Joining with the fourth cervical, forms the phrenic 
nerve, which paſſes down by the ſubclavian veſſels 
in its way to the diaphragm, on which it is expended, 
The other branches of the third pair are diſtributed 
to the muſcles of the neck and top of the ſhoulder. 
Hence it has been attempted to account for the pain 
at the top of the right ſhoulder in inflammations of 
the liver. The diaphragm is ſuppoſed to be affected 
either by its contact with the liver, or by the in- 
creaſed weight of that viſcus pulling it downwards ; 
and the ſhoulder is thought to ſympathize with the 
diaphragm, becauſe it -receives nerves from the 
fame ſource. This explanation, however, 1s very 
unſatisfactory, fince nothing is more common than 
for parts to be ſupplied by the ſame nerves without 
having any ſuch ſympathy. | 
The fourth cervical nerve, after indie given off 
that branch which joins with the third to form the 
phrenic, paſſes to the axilla, where it forms a plexus. 
with the fifth, ſixth, and ſeventh ceryical nerves, and 
with the firſt of the dorſal. After giving ſeveral 
conſiderable nerves which are diſtributed on the 


muſcles of the thorax, they form ſeyeral branches 
which 
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which paſs down on the arm, and tupply the whole 
ſuperior extremity. 

The dorſal nerves are twelve in number, and all 
contribute to the formation of the great intercoſtal. 
The firſt of the dorſal nerves differs from the reſt 
in contributing to the formation of the brachial 
nerves, and in forming a large ganglion with the in- 
tercoſtal nerve. 

The dorſal nerves alſo give branches backwards 
to the flrong muſcles ſituated on the ſpine, and 


which ſerve to erect the body. Their principal | 


trunks accompany the intercoſtal arteries in the 
groove at the bottom of each rib, and are diſtri- 
buted with them to the ſides and anterior parts of 


the thorax. The fix lower dorſal nerves alſo give 


branches to the diaphragm and abdomen. The 
twelfth joins the firſt and ſecond of the lumbar, and 
beſtows nerves on the quadratus ae an ploas, 
and iliacus internus. 

The firſt and ſecond of the lumbar nerves fend 
branches, which join with others from the third and 
fourth, and form a large nerve which paſſes through 
the foramen thyroideum, and is ſpent on the muſcles 


andinteguments at the inſide of the thigh; it is called 


the obturator or poſterior crural nerve. By branches 
from the four upper lumbar nerves is alſo formed 
the anterior crural nerve, which paſſes out of the 
abdomen under the ligament of Fallopius, and is 
diſtributed on the integuments and muſcles at the 
fore part of the thigh. A branch of this nerve alſo 

attends the vena ſaphena to the foot. 
The fourth and fifth lumber nerves contribute 
with the three ſuperior ſacral nerves to form the 
> largeſt 
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3 Uſes of Nerves. [Book IX, 
largeſt nerve of the body, the ſciatic. This nerve, 
after giving nerves to the muſcles about the hips, 
paſſes behind the tuberoſity of the iſchium, and then 
downwards, cloſe to the poſterior part of the os fe- 
moris. Diſtributing nerves through its whole pro- 
greſs 1 it runs down the back part of the leg, and 
terminates in the fole of the foot. The fourth, fifth, 
and ſixth anterior ſacral nerves are mich ſmaller 

than the ſuperior, and are chiefly diſtributed. on the 
bladder, rectum, and anus. Small nerves paſs 
through the poſterior openings of the os ſacrum, 
which are diſtributed on the hips and neighbouring 
muſcles. 

Nerves may more properly be ſald to be con- 
nected with the brain than to be produced from it, 
ſince fœtuſes have been born with a brain not larger 
than a hazel nut, and yet with nerves of the uſual 
lire. | 

The uſes of the nerves are very important, but 
are beſt diſcovered from obſerving the effect of their 
abſence. When a nerve is cut or tied, the part to 
which it belonged is inftantly deprived of ſenſation, 
and the will has no longer any command over it. 
The nerves are therefore the inſtruments of ſenſa- 
tion, and the organs by means of which the brain 
maintains a communication with the moſt diſtant 
parts of the body. 

After having confidered the ſtructure of the dif- 

ferent parts of the human body, can we refrain from 
pauſing a few moments to contemplate ſo wonder- 
ful a fabric? But man is only a ſingle inſtance of 
the wiſdom of Providence; every part of the world 
contains animals, the ſtructure of which is not leſs 


5 L | complex 
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complex than our own, and the conſtitutions of 
which are ſuited to the climates they inhabit, All 
of them are furniſhed with organs for their ſub- 
ſiſtence, their defence, and their enjoyment, and 
theſe organs are adapted to their ſeveral neceſſities, 
and have correſponding relations in the objects, as 

well animate as inanimate, which ſurround them. 
Not only the · ſurface of the earth, however, but the 
atmoſphere, the ocean, the herbage, the ſoil; teem 
with the animal creation. How far this ſyſtem may 


extend we know not; but obſervation has hitherto 


continually enlarged our proſpects, without marking 
a ſingle limit; and it is not improbable, that the 
animal which dwells on the body of another; may 
icſelf be a theatre of life, on which ſtill more minute 
animals take their ſport and paſtime. 

From theſe views ſhall we turn to the heavenly 
bodies, and ſuppoſe that ſuch vaſt maſſes of matter 
are deſtitute of inhabitants ? The planets as well as 
the earth receive the rays of the ſun; and ſome of 
them which are far removed from his light, are fur- 
niſhed with moons. Were theſe moons, which are 
only viſible by the teleſcope, deſigned for our 
amuſement, or for the uſe of beings placed ſuf- 
ficiently- near to profit by their influence ? What 
ſhall we think of thoſe {till larger bodies, the ſtars, 
which multiply upon us without end, in proportion 
as we are furniſhed with more extenſive means of 


obſerving them. But the Deity has placed no 


bounds to our admiration ; for he has made ſpace 
appear to the human mind neceſſarily infinite, and 
time, everlaſting. 
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326 E xplanalion of [Book IX. 
The figure in the annexed plate (XIV.) re- 
preſents the diſtribution of the nerves. 
a, A part of the firſt branch of the fifth pair of 
| nerves, called the ophthalmic. branch, going 
out of the orbit, and winding upon the fore- 
ä 
b, The orbital branch of the ſecond branch of the 
fifth pair, going out at the foramen below the 
orbit, and diſtributing its branches on the lower 
part of the face below the eye. 
c, A part of the maxillary branch of the third 
branch of the fifth pair of nerves, going out by 
a canal in the lower jaw-bone by the ſide of the 
chin and lower lip. 
d, The trunk of the eighth pair of nerves, joined 
with the recurrent nerve. 
e, The trunk of the eighth pair of nexves cut off. 
f, The ſpinal recurrent nerve. g, A branch of it 
belonging to the cleidomaſtoideus and ſterno- 
maſtoideus muſcle. 
5, The conjunction of the recurrent nerve with the 
third of the cervical nerves. Afterwards the 
recurrent winds backwards. 
4, i. i, The left intercoſtal nerve. 
k, The upper cervical ganglion of the eee 
nerve. 
A branch of the "Wale cervical nerve, going to 
join the ganglion &. 
m, A branch of the firſt cervical nerve, going to 
| the ſame ganglion x. 
7, o, Branches from the cervical nerves, going to 
the intercoſtal nerve. 


. _ 5 5, The 
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p, The ganglion of the intercoſtal nerve in the up- 
per part of the thorax. 

7 J, &c. Branches, by which the intercoſtal nerve 
is conjoined with the ſpinal nerves; viz. by 
the ſeventh and eighth of the cervical, and all 

the dorſal and lumbar. 

7, 5, The extremity of the intercoſtal nerve, be- 
longing to the firſt nerve ; and the ſecond s of 
the os facrum. 

, A conſiderable nerve, ariſing from the intercoſtal 
near the vertebræ of the back; here indeed 
it has fix beginnings, according to thoſe 
branches by which the intercoſtal is joined 
with the fourth, fifth, fixth; ſeventh, eighth, 
and hinth dorſal. Which nerve, here cut eff, 

| paſſes through the diaphragm into the abdo- 
men, where it joins itſelf with the eighth pair of 
nerves of the brain, and with other branches of 
the intercoſtal nerve, &c. 

u, A branch of the intercoſtal nerve. 

to, W, &c. Branches by which the right intercoſtal 

nerve is joined with the ſpinal nerves. 

*, y, Thoſe branches of the right intercoſtal, which 
r, 5, repreſent of the left. 

, 2, Branches. 

A, A, Branches. 

B, B, The firſt pair of cervical nerves. 

C, C, Branches, by which the ſecond pair of cer- 

vical nerves is Joined with the third. 

D, D, The ſecond pair of cervical nerves. 

E, E, Branches, by which the third pair of reien 

nerves is joined with the fourth. 

F, F, The third pair of cervical nerves. 

1 4 The 


1 Explanation f [Book. IX. 
G, G, The fourth pair of cervical nerves. 
HIK, HIK L, The phrenic nerves, ariſing by 
two origins, the one H from the fourth cer- 
. vical pair, and the other I from the fifth. 
K, K, Their trunks, the left of which, upon 
account of the point of the heart's being turned 
to the left fide, is bended towards the left. 
L, The extremity of the right, aranched out 
upon the diaphragm. 

M, M, The fifth pair of cervical nerves. 

N, N, The ſixth pair of cervical nerves. 

O, O, The ſeventh pair of cervical nerves. 

P, P, Branches of the firſt pair of dorſal nerves, 
going to join the eighth pair of cervicals. 

Q, R, &c. The coſtal branches of the dorſal nerves, 
which run according to the length of the ribs. 
QQ The firſt, R, R, the ſecond, 8, 8, the 
third, T, T, the fourth, U, U, the fifth, V, V, 
the ſixth, W, W, the ſeventh, X, X, the 
eighth, Y, Y, the ninth, Z, Z, the tenth, 
a, «, the eleventh, g, O, the twelfth. 

2, A branch of the ſecond coſtal nerve, which paſſes 
through the external intercoſtal mufcle, imme- 
diately under the origin of the ſerratus magnus, 

q which proceeds from the fecond rib; after- 
wards it bends itſelf backwards acrenting to 
the direction of the origin of the ſerratus mag- 
nus, and then diſtributes itſelf upon the out- 
ſide of the latiſſimus dorſi under the ſkin. _ 

, A ſimilar branch of the third coſtal nerve, paſſing 

fthrough in the ſame manner, and Ulributed 
as the former. 


85 A ſimilar 
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2, A ſimilar branch of the fourth coſtal nerve, 
which, when 1t has got under the ſkin, winds 
partly backwards, and partly forwards and 

downwards. 

n, A ſimilar branch of the fifth FOE -nerve, winch 
_ paſſes firſt through the external intercoſtal 
muſcle, then through the head of the external 
oblique, that part of it which riſes from the 
fifth rib, and afterwards runs bang under the 
{kin. 

9, „ x, Branches of the ſeventh 0, the eighth by and 

the ninth coſtal nerve x, diſtributed to the in- 

ternal part of the external oblique muſcle of 
the abdomen. 

a, A branch of the tenth coſtal nerve, which, _ 
having paſſed through the external intercoſtal 
muſcle and the tranſverſe, runs forwards be- 
tween the tranſverſe and internal oblique muſ- 

cles towards the rectus muſcle, and paſles 
through it likewiſe by the aponeuroſes of the 
oblique muſcles to the parts below the ſkin. 

«, A branch of the eleventh coſtal nerve, which 
follows the ſame | courſe with that of the 

' -SNenthy, .. 

„ A branch of the tenth coſtal nerve, beſtowed 

upon the inſide of the internal oblique muſcle. 

E, A branch of the eleventh coſtal nerve, beſtowed 

| the ſame way as the laſt, „. 

, r, Theſe appear to be branches of the twelfth 

coſtal nerve, running between the tranſverſe 
and internal oblique muſcles, 


— 
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330 Eeplanatien e [Book IX. 
& This is a branch of the firſt pair of lumbat 
nerves, running likewiſe between the tranſverſe 
| and internal oblique muſcles. 
e, e, Branches of the twelfth pair of coſtal nerves. 
x, 7, The firſt pair of lumbar nerves. 
v, A branch of the firſt pair of lumbar nerves. 
, The ſecond pair of lumbar nerves. _ 
x The ſecond of the lumbar nerves, joins with the 
third, and with the upper root of the nerve 1. 
V, A nerve, marked 0, on the leſt ſide, ariſing here 
by a double origin, one from the firſt pair of 
lumbar nerves, and the other from the ſecond. 
, The third of the lumbar nerves. 
1, The fourth of the lumber nerves. 
A, A branch, which is ſent from the fourth 125 of 
lumbar nerves to join the ſciatic. 
©, ©, The fifth pair of lumbar nerves. 
A, A, The firſt pair of nerves of the os ſacrum. 
E, E, The ſecond pair of nerves of the os ſacrum. 
| That on the right ſide is joined by an inter- 
mediate branch with the third. | 
n, MN, The third pair of nerves of the os ſacrum. 
T, L, The fourth pair of nerves of the os ſacrum. 
, A nerve, whoſe origin is marked Y on the left 
ſide, emerging from the great pſoas muſcle, 
and going down along with it into the groin. 
1. A nerve, which ariſes by a double origin from 
the ſecond lumbar nerve 9, where its roots are 
cut through. | 
N, A branch of the crural nerve, which i is con- 
joined into one with the nerve, . 
1, 1, A conſiderable nerve on each ſide, which 
ariſing by two roots, the one from the oo 
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and third, and the other from the fourth of the 
lumbar nerves, runs down firſt under the great 
pſoas muſcle, then by the ſide of the pelvis to 
che upper part of the foramen thyroideum, 
where it divides into two branches, the an- 
terior, 2, and the poſterior, 3. | 
2, The anterior, goes out immediately above the 
obturator muſcle by a ſinus, in the to part 
of the foramen thyroideum. 


3, 3» 4, The poſterior, paſſes through the ſame 
ſinus, and, running immediately down between 
the two obturators, gives a branch to the ex- 


ternal; it goes out then oy that external 
branch, 4. 
5, The ſciatic nerve. 
6, 6, The crural nerves. 
7, 7, Branches of the crural nerves, going to the 
internal iliacs. 
8, 8, The external branches of the crural nerves, 
which, running down the thighs, give branches 
to the internal iliac muſcles, the muſculi recti 
of the leg, the vaſti interni, the crurei, and the 
vaſti externi. 


97 9, The internal branches of the crural nerves, 


which run down the thigh, and in their courſe 
give off branches to the vaſti interni 

10, 10, The roots of the nerves. 

11, 11, The roots of the nerves. 

12, Here the internal branch of the right wwe 
nerve, emerging between the muſcles gracilis 
and fartorius, is cut off. 

13, The root of that branch. 98 5 
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14, The internal branch of the 15 n nerve 
cut off. 

15, 15, Branches of the nie nerves. They pro- 
duce the branches, 17, 17, 18, 19, 20, 21: 

of which 17, 17, belong to the long extenſors 
of the toes; 18, to the peroneus longus; 1 9 
is ſubcutaneous, and divides itſelf into two 
branches, which anſwer to the branches 20 
and 21; 20, 21, are a variation of the branch 
19, dividing itſelf ſooner into 20, 21. 

22, 22, The fifth, ſixth, ſeventh, and 8 pair of 
cervical nerves. 

23, A branch, which, ariſing from the above nerves 
in their courſe to the axilla, 1s diftributed to 
the inſide of the pectoral muſcle. 

24, A branch, which, ariſing in the ſame manner 
from the above nerves, is beſtowed 8 85 the 
inſide of the ſerratus anticus. 

25, 25, A branch, which, going off like the former 
from the above nerves, belongs to the muſcle 
called latiſſimus dorſi. 

26, A branch of the ſixth pair of cervical nerves, 

beſtowed upon the ſerratus magnus muſcle, 

running down according to the direction of 
that muſcle, and afterwards under the latiſſi« 
mus dorſi. | 

27, 28, 29, 303; 27, , 29, 30- The four large 
brachial nerves, in which thoſe running on 
each ſide by the axillæ principally terminate: 
27, 27, The firſt, which in a manner perfo- 
rate the muſculi coracobrachiales. 28, 28, 
The ſecond, which run according to the length 
of the humerus as far as the bending of the 

| arm, 


Chap. 28.1 - the Plate of Nerves. 333 


arm, and from thence by the fore-arm, down 
to the palm of the hand. 29, 29, The third, 
which run on the back part of the humeri. 
30, 30, The fourth, which run down, according to 
the length of the humerus, to the poſterior part 
of the large condyle, and from thence by the 
fore-arm to the palm of the hand. 
31, A branch of the third brachial nerve 29. 
32, The firſt of the brachial nerves 27, after it has 
run a little way under the coracobrachualis 
muſcle, makes 1t way through it, and after- 
wards runs under the ſhorter head of the bi- 
ceps, giving branches to this, and the internal 
brachial muſcle ; it is cut off, at 33. . 
34, A branch of the firſt of the brachial nerves, 
which it ſends off to join the ſecond. The 
ſame in the left arm. 


35. 35, Here the ſecond trunks of the brachial 


nerves 28, 28, give branches to the pronatores 
and teretes, the radiales interni, the ſublimes, 
and palmares longi muſcles. 

36, 36, Conſiderable branches of the ſecond bra- 
chial nerves, which ſend off branches to the 
profundi, and the long flexors of the thumbs; 


and afterwards 37, 37, get in between theſe 


muſcles, and run down to the nn qua- 
drati muſcles. 


37, This ſecond of the brachial nerves, paſſes 
through the ligament of the wriſt on the inſide; 


43, 44. Of which 


40, The 


afterwards, 39 proceeds to the wriſt, where 
it divides itſelf into five branches, 40, 41, 42, 
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x, 
* The firſt, gives a branch to the third lu umbyi x 
muſcle, after which it divides itſelf Into two z 
one branch running along the ſide of the rin 
- © finger next the middle finger, and the other 
23 along the ſide of the middle finger next to d the 


2 ring finger. hy 


Fr The ſecond, gives «branch to the ſecond TY 


brical, and Altern divides likewiſe into two; 
one branch running along the ſide of the mid- 
dle finger next the fore finger, and the other 
dlong the fide of the fore finger next the mid- 
dle finger, 


Fa The third, gives a branch to the firſt Wübriel 


and aſterwards runs upon the ſide of the fore. 
© - finger next the thumb. 
43, The fourth, goes to the thumb, and, there G. 
viding into two, runs upon each ſide of it. 
4% The fifth, which is here cut off, gives a branch, 
to the ſhort abductor of the thumb. And 
chen it gets between the ſhort flexor and the 
muſculus opponens of the thumb, and belongs 
to che opponens, 


| 45, 45, Continuations of the beackiat nerves. The 


third pair of brachials 29, 29, after having run | 
backwards by the ſhoulder-bones from the 
axillæ, and then between the external brachial 
muſeles on the one ſide, and the long and 
mort heads of the bicipites on the other, 
and afterwards between the internal brachials , 
and long ſupinators, emerge here 45, 45, be- 
tween theſe laſt· mentioned muſcles, and thence | 
12 to the inſide of the fore-arm, where 
bring given off branches to the long ſupi- - | 
| nator 1 
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nators and external radial muſcles, they pſas 
through the ſhort ſupinators 46, 46. 
47, 47, Nerves cut off. 


48, 48, Branches of the fourth brachial nerve 30, 
going to the external brachial muſcle 49, 49, 


to the internal ulnar, 50, to the profundus. 


51, A branch of the ſame, which paſſes under the 


internal ulnar to the back part of the extremity 
of the fore-aym, and makes a ſubcutaneous 
nerve. 

After giving off this branch, the fourth brachial 
nerve runs before the ligament of the wriſt in- 
wards, towards the palm of the hand, where it 
divides into the branches 52. 53, 54. Of which 

52, The firſt remarkable one, reading itſelf in the 
wriſt under the tendons of the profundus and 
the lumbricales muſcles, its branches are diſ- 
tributed principally to theſe, viz, the abductor 

of the little finger, the adductor of the fourth 
metacarpal bone, the interoſſeous muſcles, the 
adductor of the thumb, the ſhort flexor of the 
thumb, and the abductor of the fore finger. 

$3: The ſecond, after it has given off the ſubcuta- 


neous branch which is here cut away, and ano-— 
' ther to the abductor of the little finger, runs 


along the back part of the little finger. 
54, The third, dividing into two at the roots of the 
ring finger and little finger ; one branch runs 
along the ſide of the little finger next the ring 
finger, and the other along the fide of the ring 
finger next the lictle anger. 
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C RA. XXIX. 


CIRCULATION OF THE BLOOD. 


drann, of the Heart, and circulation i in cold. Hooded Animals. 
Circulation in the warm-blooded Animals. Courſe of the Blrod 
through the Lungs.— Through the reſt of the Body.—Ramifica- 
trons of Arteries, al We ftrufture af Vein, 1 from 
the e of Lymphatic. 


HE: ſtructure and uſes of the organs con- 
| cerned in the circulation of the blood have 
been already conm ted, and it was farther re- 
marked that the heart of man is of a duplex con- 
ſtruction, in other words, that it has 200 auricles 
and wo ventricles. With a view to perſpicuity, 
before we proceed to the circulation in the human 
body, it will be neceſſary to mention the ſtructure 
of the heart in certain animals in which! it is more 
Limple. 15 

In frogs, ſerpents, and 450 a blooded ani- 
mals, the heart conſiſts of only two cavities, an 
auricle and a ventricle ; from the auricle the blood 
paſſes into the ventricle, from the ventricle it is 
driven into the arteries, from the arteries It 1s re- 
ceived into the veins, and by the veins is again 
brought back to the auricle. 

This being well underſtood, it cannot be difficult 
to comprehend the courſe of the circulation in man, 
and the warm-blooded animals, in which the only 
difference 1s, that the heart being double, or con- 

ſiſting 
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ſiſting of four cavities, the blood. performs two Cir- 
cles inſtead of one. From the anterior auricle the 


blood paſſes into the anterior ventricle ; from the 


anterior ventricle it ĩs conducted by the pulmonary 
artery” to the lungs, and from the lungs, the pul- 


monary veins bring it back to the poſterior auricle ; 


from the poſterior auricle it paſſes into the poſte- 
rior ventricle ; from the poſterior ventricle it is car- 
ried to every part of the body, by means of the 
aorta and its branches, and thence is again brought 
back by the venæ cavz to the anterior auricle, 
whence it proceeded. In this manner, throughout 
life, the blood is conſtantly performing two circles; 


a leſſer between the heart and the lungs, and a 


larger between the heart and the reſt of the body. 
The two auricles and ventricles are of equal ca- 
pacity, and correſpond i in their contractions. From 
theſe circumſtances it is evident,. that the ſame 
quantity of blood paſſes through the lungs in a 


given time, as through all the reſt of the body, 
and, conſequently, that the circulation muſt be 


much more rapid in the lungs than in other parts. 
It is ſuppoſed that about two ounces: of blood are 
thrown from each ventricle of the heart at every 
contraction. 5 

The heart, however, cho the moſt remarkable, 
is not the only organ of circulation; ſince every 
veſſel through which the blood paſſes aſſiſts, by its 


contractile powers, to propel its contents. The ſud- 


den contractions of the heart, by which the blood is 
thrown into the arteries, occaſion their pulſation, 
which is moſt violent in the large trunks, gradually 
becomes leſs remarkable as they ramify and recede 

Vor. ue from 


* 
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from the heart, and is not at all perceptible in the 
veins, which receive their blood from the arteries. 
The contraction of the ventricles, by which the 
blood is propelled from the heart, is called the 


ſyſtole ; the dilatation, by which the blood is received 
into them, the diaſtole. | 


The ſtructure of the heart in the tortoiſe and ſome 
other amphibious animals is intermediate between 
that of cold-blooded animals and warm-blooded. 

The heart has two diſtinct auricles, without any 
communication : and under theſe, there is the. ap- 
pearance of two ventricles ſimilar in ſnape to thoſe 
of the latter claſs: but they may be conſidered as 
one cavity; for the ventricle ſends out not only the 
pulmonary artery, but likewiſe the aorta; for there 
is a paſſage in the ſeptum, by which the ventricles 
communicate freely, and the blood paſſes from the 
left into the right one. From the aorta the blood 
returns into the right auricle, while that from the 

pulmonary artery returns to the leſt auricle, from 
Which it is ſent to the leſt ventricle, &c. ſo that 
only a part of the blood is ſent to the lungs, the 
reſt going immediately into the aorta; hence the 
animal is not under the neceſſity of breathing ſo 
often as otherwiſe it would be. 

The ends of the arteries are the beginnings of the 
veins, which uniting, as the arteries divided, at 
length form large runks, which generally corre- 
ſpond with the trunks of the arteries, from which, by 


the medium of ſmaller branches, they received their 
contents. 


But 
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But though all arteries terminate- in veins, 
yet the minuteneſs of their ramifications, before 
this takes place, is various; while ſome tranſmit the 
red globules, others exclude them, and tranſmit 

_ nothing bur ſerum. 2 

A circumſtance contributing greatly to the pro- 
greſs of the blood in the veins is their valvular 
ſtructure, fitting them for deriving aſſiſtance from 
preſſure; and we find accordingly in the limbs, and 
wherever elſe any advantage could be obtained from 
this circumſtance, that the veins are furniſhed with 
valves, while in the cavities of the body, where 
they are not ſo much preſſed by the action of muſ- 
cles, this part of their ſtructure is wanting. 2 

The motion of the fluids of the valvular lympha- 
tic ſyſtem is quite diſtinct from the circulation of the 

blood. Theſe veſſels begin by open mouths, which 
perform the office of abſorption, and their contents 
are not derived, like thoſe of the red veins, from the 
extremities of arteries; their fluids are therefore 
propelled, without any aid from the heart, by their | 
own contractile powers. 

The moſt remarkable functions, to which the 
circulation of the blood is ſubſervient, are ſecretion, 
the nouriſhment of the body, and certain changes 
which the blood undergoes in its paſſage through 
the lungs ; of theſe it will be proper to treat in the 

chapters immediately ſucceeding. 
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Cn AP. XXX. 


SECRETION, EXCRETION, ABSORPTION, AND Z 
 NOURISHMENT: 


General Efe@ts of Secretion.— The eee eee ai 8 | 
tion of Bile — How this Function is performed in Fiſhes,—— Ab- 
forption,— Lymphatic Glands, —Nouriſhment or . ee ic the 
Soong become more ore ſolid i in old Age. So 


HERE is no function of the woke which is 
more calculated to excite our - aſtoniſhment 
and cas, than thar of ſecretion. By ſecretion 
we fee one fluid, the blood, modified more variouſly 
and more exquiſitely than the human mind can 
eaſily conceive, or ever hope to explain; in one 
part, ſecreted fluids, varying in different races of 
animals according to their food, are endued with a 
power of diſſolving the aliment, and fitting it for 
the nouriſhment of the body; in other parts, ſe- 
cretion furniſhes fluids for lubricating the organs 
concerned in the various functions of the animal 
machine. In ſome animals the moſt powerful 
odours, in many the moſt deadly poiſons, and in 
all, that wonderful fluid by which their race is per- 
petuated, are the products of ſecretion. 

So far are we from diſcovering the nature of 
ſecretion, and the cauſes of the different properties 
of the fluids which are ſecreted, that we in reality 

| | know little more of this function, than the general 
dodurtlines of the ſtructure of the parts concerned in 
| it, We ſee a gland, with an artery, vein, and ex- 
5 ; | cretory 
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cretory duct connected to it, but whether the ſe- 
creted fluid is formed by exudation through the 
coats of the minute arteries diſtributed in the gland, 
or whether it is poured out from the open extre- 
mities of arteries into ſmall receptacles, and is 


thence received into the excretory duct, or in what 


other mode the change wrought on the blood con- 
veyed to the gland is effected, we are entirely igno- 
rant. So different, however, are the properties of 
ſecreted fluids from thoſe of the blood, that it is 
probable ſomething more happens than a mere 
ſeparation of principles, which previouſly exiſted in 
that fluid. 

By ſome phyſiologiſts it has been imagined, that 
ſecretion may be explained on the ſimple ſuppoſition 
of a difference of diameter in the veſſels from which 
the ſecreted fluids are poured out. On this idea it 
has been advanced, that the thinneſt fluids are 
formed by the arteries of the ſmalleſt diameter, and 


tne more denſe by arteries of a larger ſize; but it 


is evident, that though the ſmaller arteries would 
_ exclude the larger particles, ſtill the larger arteries 

would ſuffer the ſmaller particles to paſs through 
them, and thus the ſecretion be in ſome meaſure 
confounded, 


Excretion, like ſecretion, is performed in general 


by arteries. The term ſecretion is applied to the 


formation of thoſe fluids which are ſubſervient to 
ſome purpoſe in the animal machine; that of ex- 
cretion to the formation of ſuch as are apparently 


of no particular uſe, and which ſeem to be ſeparated 


for no other end than to be diſcharged from the 
1 It is mo; however, to apply theſe diſ- 
e 2 3 tiunctions 
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tinctions to particular caſes, ſince there is hardly 
any one of theſe fluids, the production of which is 
not in ſome way uſeful, and but very few which may 
not be conſidered as in ſome degree excremen- 
titious, 

Both ſecretion and excretion are in many parts 
of the body performed by the minute ramifications 
of arteries opening on the ſurface of membranes, 
without the intervention of glands. Fluids, which 
are deſigned for the lubrication of paſſages, are very 
generally diſcharged into ſmall bags or follicles, 
whence they are expreſſed, when their preſence is 
moſt neceſſary. 

Few of the ſecreted fluids are diſcharged from 
the body exactly in the ſtate in which they were 
firſt prepered, but gradually become more viſcid or 
acrid ; ſince, while they remain in the receptacles 
deſtined for their preſervation, their more watery 
parts are continually taken away by the aCtion of 
the abſorbents. 

We have hitherto conſidered ſecretion to Ty on 
every occaſion the work of arteries, but it is now 
neceſſary to take notice of a remarkable exception 
to this rule, and to inform the reader, that the moſt 
copious ſecretion in the body is performed by veins. 
The blood, which. is carried by the arteries to the 
body at large, is generally returned by the readieſt 
paſſages to the heart; but it is ordered otherwiſe 
with reſpect to that which is ſent to the bowels. 
| The blood from the abdominal viſcera is re- 
ceived by a large vein, furniſhed with remarkably 
denſe coats, and called, from entering the liver as 
through a gate, the vena a portarum; this vein is diſ- 
5 das 
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tributed through the ſubſtance of the liver, in the 
ſame manner as arteries are diſtribured ng | 
other glands. 

The liver, however, is foie with an artery 
which may poſſibly have ſome influence in the pre- 
paration of the bile. The ramifications of this ar- 
tery inoſculate with thoſe of the vena portarum, 
and the blood from both is returned tagether to the 
heart, by veins which empty themſalves: into the 
Vena cava. 

A fact ſo contradictory to the 8 of the 
other ſeeretions cannot fail to excite our wonder and 
curioſity. Our curioſity we cannot hope to gratify, 
ſince the preſent ſtate of our knowledge, with re- 
ſpect to the nature of ſecretion, gives us little room 
to expect a diſcovery of the advantages which 
are derived from this or any other peculiarity in 
our frame; but our wonder will be leſſened by con- 
ſidering, that the ſame peculiarity takes place in 
certain animals, under circumſtances ſtill more 
remarkable. In fiſhes, a ſingle artery ariſes from 
the ventricle of the heart, which is entirely diſtributed 
on the gills; from the gills the blood is gradually 
collected into a large veſſel, correſponding to the 
aorta in man, and diſtributing the blood to every 
part of the body. From the bowels, however, the 
veſſels ſtill again unite, and form a large trunk, 
which, entering the liver, performs the ſecretion of 
the bile, in the third circle of the blood, ſince it 
paſſed through the heart ; whereas in man the blood, 
in paſſing through the liver, is only in its ſecond 

circle or courle, ; 
24 Abſorption 
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Abſorption, as was before remarked, is performed 
by a ſyſtem of veſſels quite diſtinct from thoſe con- 
cerned in the circulation of the blood. Their 
appearance, ſtructure, and courſe through the body, 
have been already deſcribed. The uſes. of the 
abſorbents in the animal œconomy are of the moſt 
important nature. By the abſorbents all the nou- 
riſhment of the body is conveyed from the inteſtines 
towards the heart ; and by the abſorbents thoſe par- 
ticles, which have become uſeleſs in any of the or- 
gans, are taken up, conveyed into the maſs of cir- 
culating fluids, and ultimately diſcharged from the 
body. The bones themſelves afford evidence of the 
action of the abſorbents, as their component par- 
ticles are continually changing throughout life, and 
as all the bones loſe er of their weight 
in extreme old age. 

At the ſame time, however, that their actual 
weight is leſſened, their ſpecific gravity is increaſed; 
for the bones of old people are thinner and more 
compact in their ſides, and have larger Cavitics. 
By chemical analyfis, the proportion of earth is 
found to be increaſed in the progreſs of life. 

The abſorbents are particularly numerous in 
glands, and very probably have their influence in 
producing the phenomena of ſecretion. The fluids, 
which are ſecreted, for lubricating the Joints and 
muſcles, and for moiſtening the ſeveral cavities of 
the body, are continually renovated by the abſor- 
bents, which take up what is already effuſed, while 
more is ſupplied by the arteries, 

The uſes of the glands connected with” the 
Iymphatic veſicls are not wel underſtood, but from 

| their 
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their being univerſal, and from our not being able to 11 | 
find a ſingle lymphatic veſſel, which does not, in its ? 4 
progreſs towards the heart, paſs through ſome of we 
them, it may be concluded that their uſes are very 17H 
important. One of the purpoſes, however, which 17 
they ſerve, is, probably, to prevent any thing injuri- ig T 
ous, which may be taken up by the abſorbents, from i" 
entering the maſs of blood ; and in this way the mi- ” wo 
nute ramifications, into which the lymphatics are 
divided in their paſſage through theſe glands, may = 


perform the office of a filter. There are ſeveral 
arguments which might lead us to believe, that the 
lymphatic glands belonging to the lacteals have 
ſome ſhare in digeſtion, or for fitting the chyle for 
entering the maſs of circulating fluids ; but their 
influence in this reſpect is not proved, nor does it 
ſeem ealy to aſcertain it. Several hypotheſes have 
been formed by ingenious men, with a view to ex- 
plain the mode in which the abſorbents act in taking 
in their contents ; but as they are but hypotheſes, 
I ſhall paſs them over in ſilence. 
As the abſorbents are continually taking away the 
' ſubſtance of the body, it was neceſſary that there 
ſhould be organs, which, by furniſhing freſh parti- 
cles, might counterbalance their effects; and theſe 
organs are the arteries. It has been already ob- 
ſerved that the arteries, for an important purpoſe, 
convey the blood to every part of the ſyſtem ; by. 
means of the blood, however, the arteries not only 
produce the ſecretions, but furniſh matter to every 
exhauſted organ of the body ; and from one fluid, 
reſtore the loſt particles of the bones, the muſcles, 


and 
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and the nerves, or whatever other ſolids fand in 
need of repair. 

This office, however, of the arteries, pre- 0 U makes 
that there muſt be a ſource, from which they are 
themſelves ſupplied with the ſubſtance they furniſh 
to the other organs; and this leads to the confidera- 
tion of the important function of digeſtion. 


_ 
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NIMALS are powerfully admoniſhed to 
repair the waſte of their bodies by an aver- 
ſion from the ſenſations of hunger and thirſt, and 
a deſire of that pleaſure which attends the gra- 
tification of theſe appetites. Solid food, being taken 
into the mouth, is maſticated by the teeth, and 
mixed with faliva and mucus, which, by the preſſure 
and action of the parts, are very copiouſſy exuded. 
Thus ſoftened and lubricated, the food is conveyed. 
to the root of the tongue, and the lower jaw being 
now fixed by the ſhutting of the mouth, we are 
prepared to act with the muſcles which paſs from 
the bone of the lower jaw to that which ſupports the 
tongue, called the os hyoides. A convulſive action of 
theſe muſcles ſuddenly draws forwards the os hyoides, 
the root of the tongue, and the larynx; the pharynx 
js enlarged, the food is forced into the gullet, andinits 
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paſſage preſſes down the epiglottis, ſo as to prevent 
any thing from getting into the windpipe. The 


parts before thrown into action are now relaxed; 


the food is received by the gullet, and is regularly 
but rapidly conveyed to the ſtomach. Fluids are 
conveyed to the ſtomach in the ſame manner as 
ſolids. So perfect and exact is the action of the 
gullet in propelling its contents, that even air 
cannot elude its graſp, which is proved by our 
having the power of ſwallowing air, by taking a 


mouthful of it, and uſing the ame efforts which 


we employ in ſwallowing our food. 

After the food has reached the ſtomach, It 1s 
ſtill further ſoftened, and at length reduced to a 
pulpy conſiſtence, by means which we ſhall pre- 
ſently examine. It now paſſes through the pylorus, 
or right orifice of the ſtomach; into the duodenum, 
where it is retained for ſome time, and attenuated 


by the admixture of the bile from the liver, and 


the pancreatic juice from the pancreas. From the 


duodenum it paſſes into the jejunum and ileum, 
in which it is moved backwards and forwards by 
the muſcular contraction of their coats, called their 
periſtaltic motion, As it proceeds, its more fluid 
parts are continually taken up by the lacteals, and 
it conſequently gradually becomes of a thicker con- 
ſiſtence. From the ſmall inteſtines it paſſes through 
the valve of the colon into the large. Here it 


probably undergoes {till further changes, and more 


of its fluid parts are abſorbed by the lacteals. It 
is at length received by the end of the inteſtinal 
tube, called the rectum, and INE of no oro, 
is Sis from the body. | 


a N The 
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The N which is the ol n digeſted 
aliment, after it enters the lymphatics, is conveyed 
to the heart, and mixed with the maſs of blood. 
Let us. now examine the inſtruments, which nature 
employs in ſo wonderful a proceſs, as that of fitting 
dead matter for receiving W eee _ 
being endued with life. 55 
A great many ſubſtances may enter r the tals 
along with the chyle, even ſolids reduced to fine 

powder. When indigo has been thrown into the 
inteſtine of a ſheep, I have ſeen the chyle rendered 
quite blue: now indigo is not ſoluble in water, but 
is a ſolid reduced into a very fine powder. So 
muſk gets into the chyle, giving it a ſtrong ſmell, 
and a great variety of other ſubſtances of various 
colours, various taſtes, and various ſmells, each of 
them giving colour, or taſte, or ſmell, to the chyle. 
Nevertheleſs the lacteals ſeem to poſſeſs ſome 
power of rejection, ſince green vitriol, either ex- 
hibited along with the food, or thrown into the in- 
teſtine aſter the animal has been opened, while chyle 
was forming and abſorbing, gives no colour on in- 
fuſion of gall being applied to the chyle; nor if 
galls are thrown. into the ſtomach along with the 
food, or if an infuſion of them is in like manner 
thrown into the inteſtine, when an animal is opened, 
during the time that the chyle is flowing into the 
lacteals, do they give any colour upon a ſolution of: 
green vitriol being applied to the-chyle ,*; ©; 

Dr. Fordyce mentions ſeveral inſtances of the 
ſtrong aſſimilating powers of the ſtomachs of certain; 
animals; ſuch as fiſh thriving, increaſing in ſine, 
8 and excluding feculent matter when ned w: 


* Fordyce on Digeſtion, p. 122. 
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fpring water, without any perceptible ſource of 


nouriſhment, and even when a communication 


with the air was cut off. He alſo remarks, that not 
only farinaceous and other bland ſubſtances are 

found to be attacked by inſets, but alſo jalap, 
ſcammony, hemlock, and the moſt deadly vege- 
table poiſons. Even cantharides are greedily de. 
voured by two ſpecies of inſects, not part of them 


picked out from other parts, but the whole 


entirely, without leaving a veſtige of any the leaſt 
part of the cantharis undevoured. Dr. Fordyce 
has procured theſe inſects from cheſts of can- 


| tharides imported from Sicily, and which had 


lived upon the cantharis for ſeveral months. After 
being waſhed with water lightly, theſe inſects have 
Juices perfe&tly bland, ſo that if they are bruiſed 
and applied to any the moſt tender and ſenſible 
furface of the human body, they produce no inflam- 
mation, nor is there any appearance of their poſ- 
fefling any matter having a ſtimulating quality. 


- | There are two different proceſſes, which in ge- 


neral ſeem eſſential to digeſtion ; viz. trituration 
and the action of a certain fluid or menſtruum. 
All quadrupeds are furniſhed with teeth, by which 
they in ſome meaſure deſtroy the texture of their 
food before it paſſes into the ſtomach. The in- 
ſtrument of trituration in granivorous fowls, and 
which anſwers the purpoſes of the teeth of quadru- 


peds, is the gizzard, through which all their food 
| paſſes, before it enters the Organ, which may. pro- 


. be denominated their ſtomach. Among 
fowls, however, there are ſome which have a 
figmach purely membranous, as the eagle, the hawk, 
EI on col 


Chap. an} - . n 


and birds 4 prey in general. Theſe have neither 
gizzard nor teeth, but they are furniſhed with a 
ſharp and crooked beak, which, by tearing their 
| food to pieces, ſerves in ſome meaſure to prepare 
it for the action of the other inſtrument of di- 
geſtion, a fluid endued with peculiar qualities, and 
which, as far as our obſervations extend, ſeems to 
be in common to all animals. 
The gizzard is an organ com poſed of very mie 
and ſtrong muſcles; it is lined internally with 2 
ſubſtance ſo thick and callous as not to be hurt by 
grinding down glaſs, and which is always found to 
contain ſmall ſtones of the hardeſt materials the 
bird can procure. By the help of theſe ſtones, and 
by means of the hard internal coat of the gizzard, and 
the force of its muſcular coat, the food is effectually 
ground down, and fitted for entering the ſtomach. 
« Spalanzani, and others, have denied (ſays For- 
dyce) that they were of this uſe, and have affirmed that 
the ſtones were picked up by mere accident, the ani- 
mals miſtaking them for ſeeds. But have examined 
this particularly in experiments I made in hatching 
eggs with artificial heat; I have hatched vaſt numbers, 
and frequently have given the chickens ſmall ſeeds 
whole, taking care that they ſhould have no ſtones. 
In this caſe the ſeed was hardly digeſted, and many 
of the chickens died. With the ſame treatment in 
every reſpect, others who had their ſeeds ground, 
or have been allowed to pick up ſtones, have none 
of them been loſt. With tolerable care, when 
common chickens are once hatched by artificial” 
heat, they are eaſily brought up without a hen, as: 
by inftin6t chey will keep in that part of the furnace 


where 


a 4 0 
. r 
1 xe, <<” * % N 
_— * EFFECT. we A y 5 f 2 "I N 27 W IT, 
7 E *. 3 e 6 —— 
- C ab Fs Nr xo ao 3 : 


wo nl Toe Ore DRONE, OS bet 1 
» > z 2 FEE TW M - Ix EE * * 5 
e ee lots DEE EA es 
OS. 9 2 * * — 2 * 


pong — 2 n 
* We * * 3 n 
4 N 5 8+ = - r 5 2 7 * Ne 
— n - ; £ C 3 0 , 
8 A e N ann a ROO J - , ** 5 
* N 1 £IL ! + * C a 15 $.7 e 55 I FR wy ts 
* 1 7 A 7. & "W. « Sd camo 2 * * 
Wy "wb * 


1 
2 2 


1 - RE 7 
n 8 " 2 
gt oo 4 > 82 
8 &. $5 Oe GEES bh "Fe 
E OY 1 of p v p : 
a 2 2 C ;f 
4 42 + 8. 


N 
4 
4 


2883 
2.50 
wel Ws 
re 
1 
— 
12 
WI 
k LY, 
1 
yy 
"fs 
3 
* 
F 
i 
3 
aſs 
+ 
EY 
| $2 
5 
F 
* 
5 
28 
$4 
4 
* 
I 
bs 1 
8 
af 
9% 
} 
* 
1 
TS 
* * 
28 
5 8 
N 
445 
27˙ 
* 
1 
9 
1 
3 
2 
1 
bes; 
1 
"$a 
* 
S th. 
* 
22 
3 
A 
5 
* 
35 
— 
* 
7 
net 
x 
£2 
7 
br. 
7 
Fi 5 
1 
1 
72 
4 
Ax 
1 
. 
5 
13 
as 
N 
$h 
14 
E 
2 
„ 
„ 
E. 
5 
% 
Us 
2 
* 


—— =_ rann 
1 2 — l x «CN. 2 Þ 
0 9 D = 5 » 2&8 | 
2 © þ % 1 4 = I < » © * E 1 
8 7 Yo i < 2 83 ms * - We 2 * : * 5 8 5 
© 3 wh b e EA V . . 
1 i 7 c A nat $-4 1 FL" £2 2 2 honey . 
. ns g hom * on 8 i FP A — oy 8 
"bs. n 2 ye — & 
uin 


8 
8 Mere ls - 
8 Rs 


Rs, EO 


AL PY 4 
4 — 1 1 4 Bags pin rar RES * 5 yy 
. 8 8 > dr 2 2 = = 3 1 
„ L THE Fay Foo. . oe) yr 3 3 * A 


pu . 3 * * fly pn 28 rr — 
xe N 2 7 by 5 
th Sa 2 wr 3 13 4 KF . + * 


„ 


. 
r * * 8 at 
— £17 


3682 Why Stones are picked up by Fowls. [Book IX. 


where there is the proper degree of heat, and the 
proper expoſure to air, Inſtinct alſo teaches them 
what ſubſtances they ſhould chooſe for food, and 
what quantity of ſtones it is neceſſary to intermix 
with it. For if a very large quantity of ſmall ſtones 


is mixed with a ſmall proportion of grain, they 


will pick out the grain, ſo that the proportion of 
ſtones which they ſwallow ſhall be very little, if at 
all greater than when only a few were intermixed. 
In thoſe I examined the proportion of ſtones were 
not at all greater when there was a large quantity 
of them mixed with the grain, than when there was 


a ſmall proportion; and I have often obſerved 


them chooſing one piece of ſtone, and rejecting 
another. Birds have alſo an evident inſtinct even 


do diſtinguiſn one kind of earth from another, as 
may eaſily be ſeen in Canary birds; the hen, at the 


time of her laying her eggs, requires a quantity of 
calcareous earth, otherwiſe ſhe is frequently killed 
by the eggs not paſſing forward properly, as I have 
in many inſtances obſerved ; to one ſet of hens a 
piece of old mortar was given, which they broke 


down and ſwallowed, certainly not miſtaking it for 


Canary ſeed, or any kind of food, but diſtinguiſhing 
it from a piece of brick, which they did not either 


break down or ſwallow ; another ſet at the ſame- 
time were kept without any calcareous earth'; many 


of theſe died, while the others, although otherwiſe 
exactly in the ſame circumſtances, were none of 


them loſt. It appears therefore that birds have a 


neceſſity for ſtones being ſwallowed for digeſtion, 
and earths for other purpoſes, and that they have an 


r which diſpoſes them, to chooſe the Proper 


quantity 
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quantity and quality required, Moreover, a as Mr. 
Hunter obſerves, the noiſe of the grinding may be 
heard, and therefore there can be no doubt that 
this ſtomach is made to contain ſtones for the ſame 
| purpoſes for which teeth are employed *.” 

The lobſter 1 is furniſhed, for the, comminution of 
P It conſiſts of two bony ſurfaces, formed 
into ridges, which are applied to each other like 


thoſe of the molares. They are alſo covered, like 


our teeth, with enamel, and furniſhed with muſcles, 
by which the action of grinding is performed. 

In order to diſcover the power of the gizzard; 
Reaumur gave to a turkey ſmall tubes of glaſs, five 
lines in length and four in diameter ; theſe were 
broken in che oizzard in twenty-four hours. In the 
place of glaſs tubes he ſubſtituted tubes of tinned 
iron, ſeven lines in length and two in diameter, 
cloſed with folder at each end. Some of theſe were 
indented by the action of the gizzard, and others 
cruſhed quite flat. Similar tubes, placed between 
the teeth of a vice, required a force of four hundred 


and thirty-ſix pounds and a half to produce the ſame 


effects. 

Incloſing it in tin tubes, way perforated, ſome 
grains of barley, ſome unboiled, ſome boiled, and 
others peeled, and letting them remain a day or two 
in the ſtomach, he und them only a little ſwelled, 
The ſame experiment being tried with meal, the 


fame conſequences were obſerved, as it did not be- 


come in the ſmalleſt degree putrid. From theſe 
experiments Reaumur concluded, that digeſtion, in 


5 Fordyce on Digeſtion, p. 24. &c. 
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are ſcarcely perceptible, There is reaſon, however, 


354  Reaumur's Experiments. | [Book IX. 
birds provided with a gizzard, was chiefly performed 


by means of trituration. 

Such are the powers of the gizzard ; but thoſe of 
the membrarious ſtomach, though of a very different 
nature, are not leſs aſtoniſhing. It is well known 
that birds of prey, which ſwallow every part of the 
animal they devour without much diſtinction, have 


the power of throwing up ſuch parts of their food as 
they cannot digeſt. Taking advantage of this circum- 


ſtance, tie ſame naturaliſt gave tubes, ſimilar to thoſe 
above mentioned, and filled with fleſh, to a buzzard 
hawk ; in twenty-four hours the tubes being thrown 
up, the meat which they contained was reduced to an 
oily: pulp, and with no appearance of putridity, At 
the end of forty-eight hours, the decompoſition was 
ſtill more perfect, the pulp was more attenuated 


| and blanched, and that conſtantly without any ſmell. 
The tubes being filled with the bones of young 
pigeons, inſtead of butcher's meat, theſe were con- 


verted into a jelly in twenty-four hours. Beef 


bones, very hard, and deprived both of fleſh and 


marrow, out of forty grains loſt eight in twenty-four 
hours, and in three days were totally diffolved, 
Grain and fruit expoſed to the fame proceſs, were 
very little if at all affected. Digeſtion, therefore, in 

birds of prey is performed by a fluid, which acts 


only upon animal matter. This fluid is very abun- 


dant in the ſtomachs of theſe animals. Small pieces 
of ſponge, of thirteen grains, ſnut up in the tubes, 


weighed three grains more when thrown up. 


Notwithſtanding theſe effects of the digeſtive or- 
gans, the motions of the ſtomach and the gizzard 


to 


Chap. 31. ] Balls of Hair in Stomachs of Animals. 355 
do believe that the little motion they have is very 
regular. On examining the ſurface of the balls of 
hair which are found in the ſtomachs of animals 
which lick their coats, the hairs in each hemiſphere 
ſeem to ariſe from a centre, and to have the ſame 
direction, which is circular, and correſponding with 
what would appear to be the axis of motion. This 
regularity in the direction of the hair could not be 
produced if there was not a regularity in the mo- 
tion of the ſtomach. The ſame is proved in ſome 
birds, as the cuckow, which ſometimes feeds on 
hairy caterpillars. ö 
The principal inſtrument of digeſtion in moſt 
animals, is however now generally ſuppoſed to be 


the gaſtric juice; a fluid which diſtils from certain 


glands, ſituated in the coats of the ſtomach, and 
mixes with the food as ſoon. as it is received 
into it. 

The Abbe Spalanzani, in order to obtain a ſight 
of the gaſtric juice, introduced tubes, containing bits 
of ſpunge, into the ſtomach of a crow. In four 
hours the tubes were vomited up, and the ſpunges, 
being preſſed, yielded thirty- ſeven grains of gaſtric 
liquor, which was frothy, of a turbid yellow colour, 
had a taſte intermediate between bitter and ſalt, 
and being ſet to ſtand in a watch glaſs, depoſited in 
a few hours a copious ſediment. As the ſediment 


might be attributed to the food ſuſpended in the 


eaſtric Juice, the experiment was repeated on a 
crow, the ſtomach of which was empty. The fluid 
obtained in this caſe was of a tranſparent yellow, 


colour, depoſited very little ſediment, but the taſte 


was the ſame. The gaſtric juice did not burn 
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when thrown on hot coals, and paper moiſtened 
with it would not burn till che 0 was eva- 
Porated. 


[Book IX. 


The motion of the d alſo alliſts i in mixing 


and intimately blending this fluid wirh the proper 
parts of the aliment, ſo as to enable its ſolvent 
powers more completely to act upon it. 


The 


fenſible qualities of this fluid are, however, not ſuch 


as to lead us to attribute to it any ſuch power; 
and I do not know that it has been completely ana- 
lized by any chemical procels, at leaſt by any which 


enables us to explain its ſolvent property. A 
French“ author indeed, obſerving the power which 
inflammable air has in diſſolving the texture of 
animal matter, has intimated. an opinion, that a 


proceſs of digeſtion, 

Digeſtion. differs from all other W and 
can be compared neither to putrefaction nor che- 
A remarkable circumſtance alſo 


mical ſolution. 
with regard to digeſtion is, that by it both animal 


and vegetable matter is converted into the ſame 
fubſtance. 


Portion of the oily matter which is taken in with 
the food, may be modified by the ſtomach into 
inflammable air, and may perforts this Pas of the 


Dr. Fordyce fed a dog with farinaceous mattter, 
and another with muſcle, and opening them both 


(in which he does not appear to have been juſti- 
fiable) during the time that the chyle was flowing 


through the lacteals, he collected from each as 


much chyle as he was able, 


M. Sage. 


On examination they 


were 


Chap. 310 Digeſtion of Fiſhes. „ 


were found ſo ſimilar, that the difference could not 
be diſtinguiſhed by any experimegt which he could 


contrive. The chyle of a cat living on fleſh, ac- 
cording to the ſame gentleman, cannot be diſtin - 


guiſhed from that of an ox or ſheep. _ 
Live or freſh vegetables, when taken into the 


ſtomach, are firſt killed, by which a flabbineſs of 


texture is produced, as if they had been boiled, and 
then they begin to be acted on by the gaſtric juice. 


This fluid indeed, ſeems to have no power to act on 


living matter, ſince worms remain uninjured in the 
ſtomach. Digeſtion, however, as far as relates to 
the diſſolution of aliment, may be carried on out of 
the body by means of the gaſtric juice, and the 
application of heat equal to that of the human body. 
This proceſs is continued after death, and the 
ſtomach, no longer protected by the living prin- 
ciple, is itſelf diſſolved by the gaſtric juice. 

In the ſtomachs of large fiſh are commonly 
found ſmall fiſhes, ſtill retaining their natural form; 
but when touched, they melt down into a jelly. 
From this circumſtance, and from the great quan- 
tity of fluids. poured into their ſtomachs, we may 
conclude, that digeſtion is ſolely effected in them 
by the diſſolving power of a menſtruum, without 
the aid of trituration. 
Neither animal nor vegetable ſubſtances can un- 
dergo their ſpontaneous changes, while digeſtion is 
going on in them. The gaſtric juice even has a 
power of recovering meat already purrid ; for let 
putrid meat be given to a dog; and the contents 


of his ſtomach will be found ſweet, and free from all. 


putrefaction, if he is killed a ſhort time after. 
9423 f Bread 


. 


, * ‚ N 
ug r 3 
l 8 ae 0 
DT. > ney ore FRY > r oo 
3 n Nr * 
1 if 3 q=ap BY 


$5 1 


1 — 4 8 3 ; 
* r 2 . r 3 5 
FCC 


a a; 


: IE 


* 
a] 5 
7 Ss 
* if 
7 2 
KEI 26 
"oy, TIP 
1 
1 FE 
© 5 
7 8 * 
n 
1 
* *1 
1 
« 
MS 
© 3 
8 7 
aq oy 
% + 2 
= i 
Z 5 
3 
. 
A E 
* 
N 
IN 
1 135 
I 1 
7 
des 
5 - 
"8 4 
4 Fay 
q 1 - 
1 
3% 
CM 23S 
„ 
T4 
2 
92525 
1 
er. 
& 
S* 
As 4 
FA. © 
"$4 
44: 92 
ba 3 
;» 
: 
#3, 
4 
4 - 
c_—” 
2 
* 
79 
8+ 5 


"uu. 
* 


a Ih : 


3 3 Ree 


© 
| 


drs 8 h 2 2 A . 
1 © LD 2 P 7 . 
4 8 bh] 1 » GT I S 2 ee 
+ 10 3 <4 x 7 — OO $7 4 = * 2 
4 o * 4 * — > p « — 


ITN A "TL. 
eo Wins fat 4658 
I; 7 : 
nn 


"me Ny I BY MEAS — 2 . * 
T. ̃ Me 
+. 7 . "T7 1 75 
Om Tg $3 . RR”, 
 "* 2, 3 = uy 
9 - U * 4 


mY 
6s Mb 


F* 4 
E 


N e 
* e 


3 
FF 5 
"x 1 1 8 


- Jo... 44M - p . * 
oe Eo Rds 6 er Og Ns Ge EE EE 
Ad * . : - 27x en N. =" Lb I pe 
Kc. Ls 8 » n 
r _ 4 + — Mn tt tab roy oft LI ORD 3 
7777ͤ ĩð⁊âvb 0 + if otra „ 8 
. 3 a 3„%%ͤ ³˙.—ꝛA u ĩ˙ 1 
Es $4 r * * 1 » 
1 


1 AYES > Ss 


_ E226 
x 2 . 
«4 * 1 c 3 
” c r 
T 


* * . 


— * 
=, EL 


ES 


r 8 
8 
5 . 5 3 4 
4 a gg + * 
_ par * 
8 e 


— 


ova 


„ 


— — — — — — = 
EE AIDED.» wie ET, A ea IE AT = 
* 1 — WE 2 8 = EE — "4 2 


— = 
GI AIG 
4 : 
Tx x5 wg 


r 
* 


—— n 
W KR * e * <> +0 
_ " 0 „ : 8 
23 * 


= 


338 Power of Coagulation in the Stomach, [Book IX. 


Bread, which has remained in the ſtomach of a dog 


for eight hours, is fo much changed, that it will not 
run into the vinous fermentation, but when taken 
cout and kept in a warm place becomes putrid. Its 


putrefaction, however, is not ſo quick as that of a 


ſolution of meat which has been in the ſtomach for 


ſome time. The effects are ſimilar when milk and 
bread are the food. 5 
When the digeſtive power, however, is not per- 
fect, then the vinous and acetous fermentation will 
take place in vegetable matters, and the putrefactive 


in the ſtomachs of animals which live wholly on 


fleſn. The gaſtric juice apparently preſerves vege- 


tables from running into fermentation, and animal 
ſubſtances from putrefaction, not from an antiſeptic 


quality in that fluid, but from a power of making 


them go through another proceſs. In moſt ſtomachs 


there is an acid, even though the animal has lived 
entirely upon meat for many weeks; this, how- 
ever, is not always the caſe. The acid ſometimes 
prevails ſo much as to become a diſeaſe. 

The ſtomachs of many animals have a power of 
coagulating milk; this is continually ſeen by infants 
throwing up their milk in a coagulated ſtate, and 
the ſame thing may be obſerved by feeding a dog 
with milk, and killing him half an hour afterwards: 
The ſtomach of the calf, and perhaps that of other 


animals, preſerves this power after death, and is 


kept dried, for 'the purpoſe of making cheeſe. 
Indeed milk, raw egg, and ſeveral other ſubſtances, 
require to be coagulated, before — can be di- 


A | 1 
j Cn. "SP 


Chap. 31.) Proceſs of Digeſion. 359 


If we throw milk into a portion of the jejunum, 


that milk will be abſorbed by the lacteals; but if 
we throw milk into the ſtomach of the ſame ani- 
mal, the milk will not be abſorbed by the lym- 
' phatics ; therefore an argument might be brought, 
that the abſorbents of the ſtomach would refuſe * 
what the abſorbents of the jejunum would readily | 
take up. But it muſt be conſidered that the milk 
is inſtantly coagulated in the ſtomach, and not in 
the jejunum, which coagulation will perfectly pre- 
vent it from being abſorbed ; but all thoſe ſub- 
ſtances which are not changed by the coagulating 
juice of the ſtomach will be, and are equally taken 
up by the lymphatics in the ſtomach and lacteals. 
There is, therefore, a converſion of the food in the 
ſtomach into a new ſubſtance, whoſe properties are 
at preſent. unknown, which new ſubſtance is the 
only one which can be converted into chyle in 


the duodenum and jejunum, exactly as we may form 


farinaceous matter, mucilage, native vegetable acid 
:nto wine ; but before they can poſſibly be converted 
into wine, they muſt firſt be formed into ſugar. 
So in a ſimilar manner farinaceous matter, gum, 


and white of egg, are all capable of forming chyle; 


but before they are formed into chyle, they muſt + 
be converted into a matter certainly not ſugar, but 


a matter of a particular ſpecies in the ſtomach, and 


by the operation of the ſtomach, this particular 
ſpecies of matter is afterwards converted into chyle 
in the duodenum and jejunum. 

Dr. Young, of Edinburgh, found that an infuſion 
of the inner coat of the ſtomach, which had been, 
previouſly waſhed with water, and then with dilute | 
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360 Cauſe of Flatulncy. © [Book IX, 
ſolution of mild fixed vegetable alkali, ſo that it was 


not. poſſible that any acid could have remained in 
it, coagulatcd milk very readily. He found alſo 


that it had the power of coagulating ſerum, and 


other animal mucilages. The coagulating power 
of this ſubſtance is very great. Dr. Fordyce 
mentions that fix or ſeven grains of the inner coat 

of the ſtomach infuſed in water, gave a liquor 
which. coagulated more than a hundred ounces of 


All fermentation is quite foreign from perfect 
digeſtion, and when it does take place, is always 
proportioned to the diſorder of the ſtomach, ſince 
very little if any wind or flatulency is gencrated 


in the ſtomachs of thoſe, whoſe digeſtion is moſt 


quick and eaſy. It is not uncommon, however, 
for milk, vegetables, wine, and whatever has ſugar 
in its compoſition, to become ſooner ſour in ſome 
ſtomachs than if left to undergo a ſpontaneous 
change out of the body; and even ſpirits, in certain 
ſtomachs, almoſt immediately degenerate into a very 
ſtrong acid. All oily ſubſtances, particularly butter, 
become rancid very ſoon after being taken into 
the ſtomach, and this rancidity is the firſt proceſs 


in the fermentation of oil. Animal food does not 


ſo readily ferment in diſeaſed ſtomachs, when com- 
bined with vegetables, as when it is not. Fleſh 


meat appears to undergo no change preparatory to 


digeſtion, but ſeems at once to ſubmit to the action 
of the gaſtric juice. It appears firſt to loſe its tex- 
ture, then becomes of a cineritious colour, next 
gelatinous, and laſtly, i Is CONVERTER 'Y into chyle. 


+ | In 


Fordyce' made ſeveral experiments, from w 
he concludes, that in perfect e no ack 
whatever is produced. 


gaſtric juice, the watery fluids of the ſtomach, 


| been formed. 


fince cuticle, horn, hair and feathers, which are 


Chap. 31.] Digeſtible and indigeſtible Matters. 36 1 | 
In order to aſcertain whether the production or” 
any degree of acidity is eſſential to digeſtion, Dr. 


Key 


If the gaſtric. juice is applied to a OP IEA. out 
of the body, in a proper temperature, it will produce 
changes 1n it, ſimilar to thoſe which take place in 
the commencement of digeſtion ; but by applying 
the 
ſaliva, the bile, the pancreatic juice, altogether or 
ſeparately, in no caſe has chyle, or any thing like it, 


It is not yet aſcertained what are the circum- 
ſtances which contribute to render different articles 
uſed as food, digeſtible or indigeſtible. Something 
is undoubtedly to be aſcribed to firmneſs of texture, 


in- 


digeſtible in their natural ſtate, became digeſtible 
and nutritious when reduced to a gelatinous form 
by Papin's digeſter. That the ſolubility or inſo- 
lubility of a ſubſtance in the ſtomach is not, howe- 


ver, merely owing to the degree of ſolidity, 


proved from a circumſtance already mentioned, viz. 


that boiled barley was not acted on by the gaſtric 


juice of a buzzard hawk, while pieces of hard beef 
bone, expoſed to its action in the ſame manner, were 
completely diſſolved. But ſubſtances may even be 


rendered too ſoft ; for a fluid is difficult of digeſtion, 
and its continued uſe very injurious to the ſtomach. 
It may be remarked, that nature has given us very 
few fluids as articles of food. It therefore ſeems, 


that ſubſtances may be either too compact or too 
| | lax 


Sa 7 * — 
3 n © . * 1 = + _ 2 
.. hg oO THE TE re: , * 8 5 
241 WV; ty Ne 2 : . . * . 0 * .* * * 
5 8 * 5 * = 
* 1 3 . . 2 . , 2 5 
VVV i 
n * n+ 466 m os * 
RN - 


2 44"; 2 
l 


2 2 8 < 
£3 ir 1 oy 2 
— = 
. 1 
A 
3 EE RF *X % 
4 2 2 4 
on 2 W . * 


— 


362 Digeftible and indigeftible Matters. [Book IX. 
lax in their ſtructure, to render them fit ſubjects to 
be acted on by the digeſtive powers. 

The degree of eaſe, however, with which ſub- 
ſtances are digeſted, ſeems in many caſes owing to a 

difference in ſolidity. Brain, liver, muſcle and ten- 
don are digeſtible in the order in which they are 
here put down. Boiled, roaſted, and even putrid 
meat is eaſier of digeſtion than raw. Huſks of 
ſeeds and the hulls of fruits are indigeſtible in their 
natural ſtate, but to what circumſtance this is 
owing is not fully aſcertained. The whole of our 
food is ſometimes not digeſted; this may ariſe from 
two cauſes, either from ſome parts of the food bei 
of too firm a texture to be diſſolved ſo ſoon as the 
other parts are converted into chyle and carried into 
the duodenum: or from the ſtomach being ſo 
much diſordered as to digeſt imperfectly. This 
diſorder of the ſtomach ſometimes proceeds ſo far, 
that the food paſſes through the body almoſt un- 
changed. In ſome caſes food has been retained on 
the ſtomach for twenty four hours, and thrown up 
without being altered in the leaſt. 

The eſſential oils of animals and vegetables are 
indigeſtible; they are ſoluble, however, either in 
the gaſtric juice or the chyle, by which means they 
become medicinal from their ſtimulant powers. 
The eſſential oils of vegetables, but more parti- 
cularly thoſe of animals, ſeem to pervade the very 
ſubſtance of the animals whoſe food contains much . 
of them. Thus ſea birds, which fced on fiſh, taſte 

very ſtrongly of them, and thoſe which hve on that 
food only during certain times of the year, as the 
wild duck, have that taſte only | at certain ſeaſons. 
T 'WO 


Chap. 31. ] Digeſtion of granivorous Animals, &c. 363 


Two ducks were fed, -one-with barley, the other 


with ſprats for about a month, and killed both at 
the ſame time; when dreſſed, that wo on ſprats was 


hardly eatable. | 
Animals eat leſs in proportion as Pa, food is more 


nutritious. Thus carnivorous animals require much 
leſs food thon the granivorous, and theſe, than the 


graminivorous; animals, indeed, of the laſt kind, 


employ almoſt the whole of their time in eating. 


A correſponding relation is alſo obſerved with re- 
ſpect to the digeſtive organs in theſe ſeveral races 
of animals; carnivorous animals have only one 
ſtomach, granivorous animals very generally two, 


and graminivorous animals four ſtomachs, with a 


greater length of inteſtines. From which circum- 
ſtances it may be collected, that graſs is more dif- 
ficultly aſſimilated than grain, and grain than fleſh. 

The firſt ſtomach in ruminant animals, ſuch as 
the bull, the ſheep, &c. is a receptacle which has a 


very weak action on the food, and from it the ani- 


mal has the power of returning the food into the 


mouth, to undergo a ſecond maſtication. In Mr. 
Hunter's paper on Digeſtion, publiſhed by the 


Royal Society, there is the following curious obſer- 
vation, which illuſtrates very much the uſe of theſe 


previous ſtomachs : milk ſucked in by the calf does 


not remain in any of the previous ſtomachs ; but 


paſſes down inſtantly into the digeſting ſtomach, not 


requiring any previous operation ; but graſs remains 
for a length of time in the previous ſtomachs, 
If it is allowable to extend our views beyond the 
animal kingdom, we might fancy that the digeſtive 
procels in vegetables is ſtill more difficult than it is 
| | | * 
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364 Digeſtion of fleeping Animals, &c. [Book IX. 
in the graminivorous animals, ſince vegetables are 
continually taking in nouriſhment, and conſume an 


immenſe quantity of air and water in proportion to 


their growth and bulk. When vegetables, howe- 
ver, are furniſhed with matter which has undergone 
more preparation than mere air and water, viz. 
putrified vegetable matter, their growth is far more 


rapid; and they flouriſh ſtill more on the remains 


of the animal kingdom. 

Sleeping animals do not digeſt during winter. 
Worms and pieces of meat were conveyed down 
the throats of lizards, which were going into winter 
quarters, and which were afterwards kept in a cool 
place. On opening the animals at different peri- 
ods, the ſubſtances were found entire and without 
alteration, Some of the lizards voided them in 
the ſpring with little or no alteration produced in 
them. Digeſtion is therefore regulated by the ſtate 
of the other functions of the body *. 

By hunger and cuſtom animals may be taught 
to eat, and even to prefer, a very different kind of 
food from that naturally deſigned for their nouriſh- 
ment: thus pigeons have been made to live entirely 
on fleſh. Whether the gaſtric juice is altered in 
its nature by a difference of food, or in what other 
way the ſyſtem accommodates itſelf roſuch a change, 
it is not eaſy to determine. 


* Hunter on Digeſtion.— See his volume on the Animal 
Economy. | > 
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RESPIRATION AND ANIMAL HEAT. 


ee oh in part an involuntary Fun&ion.—Four Stages of Ref- 
Piration. Les of Reſpiration. Reſpiration of Tnſets different 
frem that of other Animals. The red Colour of. the Blood de- 
rived from the Air in Reſpiration.— Dr. Prieſtley's Experiments. 
—Dr. Geodwin's Experiments. Ihe oxygenous Part of | the Air 
diminiſhed by Reſpiration.— Fixed Air generated in the Lungs 
in Reſpiration and expired. Animal Heat produced by Refpira- 
tion.—Inftenced in di ferent Animals.—Dr. C POT 5 5 8855 
ous T Heory. 


NINTERRUPT FD reſpiration being ne- 
ceſſary to our exiſtence, it is wiſely ordained, 
that this function ſhould be ſo far involuntary as 
not to require a continual and irkſome attention. 
For other purpoſes, as that of ſpeech, reſpiration is 
no leſs wiſely ſubmitted in ſome meaſure to our di- 
rection, ſo that within certain limits we can accele- 
rate or retard it at pleaſure. We are ſufficiently 
prevented, however, from ſuſpending reſpiration 
to ſuch an extent as to interfere with other pro- 
ceſſes abſolutely neceſſary to the ſupport of life, 
by being ſubjected, whenever we ceaſe to breathe, 
to a ſenſation inexpreſſibly diſtreſſing, and which 
compels us to uſe every effort in our Deere in- 
hale air into the lungs. 

The thorax, or chat bony caſe which ſurrounds and 
protects the lungs, is furniſhed with a number of 
muſcles, ſome of which, by drawing the ribs up- 

8 5 | wa, 


366 Mode inwhieh Refpirationis performed. Book IX. 
wards, enlarge its capacity, and others, by drawing 
them downwards, diminiſh it. Its capacity, how- 
ever, is ſtill more influenced by the muſcular organ 
called the diaphragm, which from the breaſt bone 
and lower ribs paſſes obliquely downwards to the 
loins, and ſeparates the thoracic from the abdomi- 
nal viſcera. By the contraction of the diaphragm, 
the abdominal viſcera are preſſed downwards and 

forwards, by which the lungs are permitted to ex- 
pand themſelves in the ſame direction; when the 
diaphragm is relaxed, and the abdominal muſcles 
are thrown into action, a directly oppoſite mo- 
tion takes place; the viſcera of the abdomen are 
preſſed upwards and backwards againſt the lungs, 

trom which part of the air is conſequently expelled. 
The air, which is to be conſidered as poſſeſſing 
many properties in common with other fluids, 
| poſſeſſes this, that by its weight it enters where it 
is leaſt reſiſted, Part of the refiſtance to the en- 
trance of the air into the lungs being taken off by 
the action of the muſcles dilating the thorax, it 
ruſhes in through the windpipe, in the fame man- 
ner as it ruſhes into the cavity of bellows, when 
-the boards are. ſeparated from each other. Inſpi- 
ration and expiration therefore are not performed 
by the lungs themſelves, ſince air would be equally 
drawn into and expelled from the cavity of the 
thorax when deprived of lungs, ſuppoſing that the 
parts of the thorax could be made to perform their 
motions perfectly well after death. The lungs 
may therefore be compared to the cavity of bellows 
filled with any downy ſubſtance, the bones of the 
thorax to the boards of the bellows, and the muſ- 
cles 
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cles of the thorax to the hands by which the bellows 
are moved. 
Reſpiration may be divided into four ſtages or 
periods; firſt, inſpiration ; ſecondly, a pauſe when 
the lungs are filled; thirdly, expiration ; and laſtly, 


a pauſe. when the lungs are emptied. We are 


equally ſtimulated to inſpiration and expiration by 
2 ſenſation of uneaſinefs, but that which is felt 
when the lungs are kept too long inflated after a 


full inſpiration, is of a different kind from that. 


- which is perceived when they are preſerved too 


long empty after expiration. In the former caſe 


the uneaſineſs is referred to the head, in the latter 
to the cheſt. To what theſe ſenſations are owing 
we cannot altogether determine ; they are pro- 
bably, however, to.be attributed to the anterior 
cavities of the heart and the veſſels of the head be- 


ing overloaded with blood, which cannot ſo reagily 


paſs through the lungs while their motion is ſuſ- 
pended, The truth of this opinion is much con- 
firmed by the fluſhing of the face, and the burſt- 
ing of blood veſſels, which ſometimes happens from 
impeded reſpiration. 

The air, after paſſing through the wingpipe, is 


conveyed by its ramifications to the air veſſels of 


the lungs. After inſpiration the air veſſels, which 
are to be conſidered as very minute bladders with 
thin coats, are fully diſtended. The minute and 
very numerous ramifications of the pulmonary 
artery are diſtributed on the membranes of theſe 
air veſſels ; and through the membranes, without 
coming into direct contact with the blood, the air 

produces 
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produces thoſe changes on it, which a are found to be 
abſolutely neceſſary for the continuance of life. 
The chief uſes of reſpiration, as far as our know- 
ledge extends, are, iſt. To effect certain changes in 
the maſs- of blood; and, ad. To produce animal 
heat. Theſe effects, though no doubt intimately 
connected, I ſhall take the liberty of conſidering 
ſeparately, for rhe fake of greater perſpicuity. 
The compoſition of the atmoſphere has already 
been deſcribed, and it is at preſent only neceſſary 
to remind the reader, that rather leſs than three- 
fourths of the atmoſphere is azotic gas, rather more 
than one fourth oxygen gas, and one or two parts 
in the hundred Exe. air. The azote is not proved 
to have any effect in reſpiration, and ſeems to be 
merely a diluent of the oxygen gas, which is the 
principal agent. The fixed air contained in the 
atmoſphere is probably alſo completely inert with 
reſpect to reſpiration. Previous to a more parti- 
. cular conſideration of the nature of this function, 
it may not, however, be improper to throw toge- 
ther a few miſcellaneous obſervations on that ſub- 
e es 
Animals breathing air ende e by reſpira- 
tion, not only ſuffer for want of the pure part 
of that air, which is deſtroyed, but alſo from the 
fixed air which is produced. Mr. Cavendiſh 
aſſerts, that in certain diſeaſes, and by certain per- 
ſons, the air is much ſooner rendered unreſpirable. 
According to the obſervations of Dr. Prieſtley, in- 
ſects appeared to breathe fixed air, or air otherwiſe 
contaminated, as readily as pure air. Flies, how- 
_— and other winged inſects, have the propetty of _ 


” deſtroying 


Chap. 34.1] ä Reſpiration of Tufefs, Se. 369 


deſtroying the ſalubrity of air by their own reſpira- 


tion, as may be obſerved by confining a few of thoſe 
animals in a phial. Theſe animals, indeed, appear 


leſs of the amphibious kind, and muck more deli- 
cate, than when in the vermiform or maggot ſtate. 
Inſects, and ſome exſanguious animals, will exiſt 


⁊ conſiderable time without any thing equivalent to 


reſpiration. The ſame has been proved to be the 
caſe with fiſnes, though it is ig, opp to define 
the limits of their exiſtence. | 

A veſſel in which, when filled with common air, 
a mouſe could not live more than half an hour, was 
filled by Dr. Prieſtley with vital air; a mouſe then 
lived in it for three hours, and being taken out 
alive, the air was ſtill found better, by the nitrous teſt, 
than common air. / 

From ſome experiments made by Dr. Goodwyn, 
he concludes that the lungs contain rog cubic 
inches of air after a complete expiration; and that 
this quantity receives an addition of fourteen cubic 
inches by inſpiration. The dilatation of the lungs, 


therefore, after exſpiration is to their dilatation after 


inſpiration as 109 to 123. 

One inſpiration is commonly performed for every 
four or five pulſations of the heart, which latter, in 
different healthy perſons, vaty from ſixty to ninety 
in a minute, 

The blood dndergces remarkable changes of 
colour when circulating in the veſſels of an animal; 
in the lungs it acquires a florid hue, which is gra- 
dually loft, while the blood is paſſing through the 
other parts of the body, again to be reſtored in the 
lungs. © That the red colour of blood is owing to 
Vor. III. „„ the 
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370 Aion of Vital Air [Book IX. 
the influence of vital air is manifeſt from actual 
experiment. Dr. Prieſtley introduced different 
portions of ſheep's blood into different kinds of air, 
and found always that the blackeſt parts aſſumed a 
bright red colour in common air, and more eſ- 
pecially in vital air; whereas the brighteſt red 
blood became preſently black in any air unfit for 
reſpiration, as fixed air, inflammable, azotic, and 
nitrous gas, and after becoming black in the laſt of 
theſe kinds of air, it regained its red colour on 
being expoſed to commqn or vital air, the ſame 
portions becoming alternately black and red. 

It is proper, however, to mention, that Dr. Good- 
wyn introduced four ounces of florid blood, freſh 
drawn, into a glaſs receiver, containing fixed air, 
and confined it there for a conſiderable time; and 
alſo received blood from the carotid artery of a 
ſheep into a phial filled with fixed air, but in nei- 
ther of the experiments was the florid colour altered. 
Theſe experiments do not accord with thoſe of Dr. 
Prieſtley, but the following is intirely conſonant 
with them. Dr. Goodwyn incloſed a quantity of 
vital air in a glaſs receiver inverted in quickſilver, 
and introduced into it four ounces of blood, freſh 
drawn from the jugular vein of a ſheep ; the blood 
became inſtantly very florid, and after ſeveral mi- 
nutes the quickſilver aſcended two or three lines, 
which evidently proved, that while the blood was 
altered in colour, the air was at the ſame time di- 
miniſhed in quantity. 

It is well known that blood, v chen' it coagulates 
on being expoſed to common air, aſſumes on the 
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ſurface a bright red colour, while the inſide i is 
much darker, bordering upon black. 

An objection, Wag ſeems to ariſe to this 2 
potheſis, viz. that though the blood in the lungs is not 
more than a thouſandth part of an inch 600 the air, 
yet it never comes into actual contact with it. In 

order to examine the ſoundneſs of this objection, 
Dr. Prieſtley took a large quantity of black blood, 
and put it into a bladder moiſtened with a little ſerum, 
and tying it very cloſe, hung it in a free expoſure 
to the air, though in a quieſcent ſtate, and next 
day found, upon examination, that all the lower ſur- 
face of the blood, which had been ſeparated from 
common air only by the intervention of the bladder, 
had acquired a coating of a florid red colour, and 
as thick apparently as it would have acquired if 
immediately expoſed to the open air. In this caſe it 
is evident, that the change of colour could not have 
been owing to evaporation, as ſome have ima- 
gined. A piece of the craſſamentum, ſurrounded by 
ſerum, acquired (not only on that part of the ſurface 
which was expoſed to the air, but in thoſe parts 
which were covered ſeveral inches with ſerum) a 
florid red, ſo that the deep covering of ſerum, 
which muſt have prevented all evaporation,' was 
no more an impediment to the action of the air 
than the bladder. That it is really the air, acting 
through the ſerum, and not the ſerum itſelf, which 
gives the florid colour, is clearly aſcertained by the 
following experiment: two equal portions of black 
blood were put into two cups, containing * 
quanyties of ſerum, which covered the blood i 
both to oe depth of half an inch. One of the 
| 8 cups 
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cups being left in the open air, and the other being 


placed under the exhauſted receiver of an air pump, 
the former preſently acquired a florid colour, while 
the other continued twelve hours as black as at 


firſt. In another experiment, the reverſe of the 


former, the influence of the air upon the blood was 
no lefs deciſively proved; for red blood became 
black through the depth of two inches of ſerum, 
when the veſſel containing it was expoſed to azotic 
gas. Putrefaction, however, will produce a ſimi- 
lar effect; for a ſmall quantity of perfectly florid 


blood being put into a glaſs tube ſealed hermeti- 


cally, and thus cut off from all communication with 
external ſubſtances, became black in a few days. 

Except ſerum, milk is the only animal fluid, 
through which the air can act upon blood. 


By ſome ſubſequent experiments made by Dr. 


Prieſtley, he found that the intervention of a 
bladder by no means prevents the action of 


- ſome airs on each other, as the nitrous on common 


an, Ke | 

The ſame induſtrious philoſopher found alſo, 
that the air 2nd blood employed in the above ex- 
periments undergo oppoſite changes; for vital air 


was vitiated by expoſure to venous blood, and, 
on the contrary, inffammable air was abſorbed, 


and foul air improved, by expoſure to arterial | 


blood. It has alſo been proved, that inflamma- 


ble air will produce a change of colour in the 


blood, when introduced i into the veins of a Far 
animal. 


The moſt natal change produced on air, 


which has been ſubſervient to reſpiration, is the 


diſappearance 
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diſappearance of the vital air, and the production of 


fixed air. On account of the production of fixed 
air, indeed, an animal can only breathe a given quan- 
tity of air for a certain time, after which it ſickens and 
dies. If a jar filled with vital air is placed over mer- 
cury, and an animal confined in it, after a time it 
will be obſerved to breathe with difficulty, and be- 


come very uneaſy; if the animal is then taken out, 


and cauſtic alkali is introduced, a great diminution 
in the bulk of the air will cake place; by the repeated 
introduction of the animal and the cauſtic alkali 
almoſt the whole of the air may he made to diſap- 
pear, which proves that the vital air is by * 
tion converted into fixed air. 


When we conſider the compoſition of fixed air, | 


which conſiſts of the carbonaceous principle united 
with oxygen, we muſt conclude-that the oxygen 


gas is converted into fixed air by the addition of 


that principle, which, in a ſtate of extreme diviſion, 
ſeems to be extricated from the lungs. By ſome 
phyſiologiſts, the extrication of this noxious princi- 


ple has been conſidered as the only end anſwered 


by reſpiration. That this is not all, however, is 
proved by the conſideration, that though part of the 
oxygenous gas is converted into fixed air by the 
addition of the carbonaceous principle, yet the 
weight of the air expired does not exceed that 
which is inſpired. This naturally ſuggeſted the 
opinion, that a part of the inſpired air was abſorbed, 
nearly correſponding in weight with the matter diſ- 
charged by the lungs. Dr. Prieſtley, by a ſeries 
of experiments recorded in vol. lxxx. p. 106. 
of the ee Tranſactions, * ee 
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374 Water a * the Rr. [Book IX. 
proved, that a conſiderable quantity of vital air is 
abſorbed by the blood. A very ſmall portion of 
water is alſo thrown from the lungs at every ex- 
piration, which may be either an aqueous exhalation 
3 from the lungs, or may be formed by an union of 
| | vital air with inflammable gas. ; 
The production of animal heat next pep 
| claims our attention. That reſpiration is really the 
1 cauſe of animal heat can ſcarcely be doubted ; for 
thoſe animals which are furniſhed with lungs, and 
which continually inſpire the freſh air in great 
quantities, have the power of keeping themſelves 
at a temperature conſiderably higher than the ſur- 
rounding atmoſphere ; but ſuch animals as are 
not furniſhed with reſpiratory organs, are very 
nearly of the ſame temperature with the medium 
in which they live. Among the hot animals, 
thoſe are the warmeſt which have the largeſt reſpi- 
ratory organs in proportion to the bulk of their 
bodies. This is particularly the caſe with birds, 
which have the greateſt degree of animal heat. In 
the ſame animal, the degree of heat is in ſome 
meaſure proportionable to the quantity of air re- 
ſpired in a given time. Thus we find, that animal 
heat is increaſed by exerciſe and whatever accelerates 
reſpiration. By the word heat 1 do not mean a 
ſenſation, but caloric, or a peculiar fluid, having 
attractions for other ſubſtances, with which it is 
capable of forming combinations, and producing 
many important phenomena. We muſt carefully 
avoid eftimating the quantity of heat contained 
in a body by its temperature, as indicated by 
ſſtke ſenſes, or even by a thermometer; for water, 
wax, metallic bodies, &c. in paſſing from a fluid 
| | to 
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to a ſolid ſtate, loſe a vaſt quantity of heat without 
any diminution of temperature; and it is well known, 
that a quantity of wax, &c. partly ſolid and partly 


fluid, is always of the ſame temperature, whether it 


tends towards the ſolid or the fluid ſtate; that is, 
whatever is the temperature of the ſurrounding me- 
dium. If the wax is in a melting ſtate, it abſorbs the 
ſuperfluous heat, which becomes latent; if on the 
other hand it is congealing, its latent heat is conti- 
nually extricated, ar ꝗ ſuſtains its temperature at a 
fixed point. Heat may therefore exiſt in a latent 
_ ſtate, in which it cannot affect the thermometer. 


There is ſtill another difference with reſpect to 


the quantity of heat contained in bodies, indepen- 
dent of any change of form, ſimilar to that which 
takes place in the combination of heat with ice con- 


ſtituting water. This latter difference is called a 


difference of capacity for heat, by which is under- 
ſtood an inequality in the quantity of abſolute heat 


in two bodies, though their temperatures and weights 


are equal. Thus, if a pound of water and a pound 
of diaphoretic antimony have a common tempera- 
ture, the quantity of abſolute heat contained in the 
former is nearly four times that contained in the 
latter. 

The following 1 is a brief Gs of Dr. Craw- 


ford's ingenious theory of animal heat. He made a 


ſeries of experiments, by which he found, that the 
fixed air and aqueous vapour, which are diſcharged 
from the lungs, contain only about one: third part of 
the abſolute heat contained in the atmoſpherical air, 
previous to its being reſpired: air, therefore, in 
being ſubſervient to reſpiration, loſes part of its 


B b4 | heat, 
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376 Dr. Crawford's Theory, Book IX. 
heat. He has alſo ſhewn, that the abſolute heat of 
florid arterial blood is to that of venous nearly as 
eleven and an half to ten; fince, therefore, the blood, 
which is returned by the pulmonary veins to the 
heart, has its quantity of abſolute heat increaſed, he 
fairly concludes that it muſt have acquired this addi- 
tional heat in the lungs. From the preceding obſer- 
vations it appears, that the production of animal 
heat depends on a proceſs analogous to chemical 
elective attraction, and which is regulated by the 
following principles. Vital air contains more ab- 
ſolute heat, in proportion to its temperature and 
weight, than fixed air. The blood is returned to 
the lungs impregnated with the carbonaceous prin- 
ciple; the blood has leſs attraction for that principle 
than vital air has; in the Jungs, therefore, it quits 
the blood to unite with the vital air. By this combi: 
nation the vital air is changed into fixed air, and 
depoſits part of its heat; the capacity oſ blood for 
heat is at the ſame time increaſed; the blood there- 
fore receives that h of bent which was detached 
from the air. 

The arterial blood, in its pale through the 
capillary veſſels, is again impregnated with the car- 
bonaceous principle, and the baſis of inflammable 
air, by which its capacity for heat declines; it, 
therefore, in the courſe of the circulation, gradually 

es out the heat which it had received in the lungs, 
and diffuſes it over the whole body. Thus it ap- 
pears, that in its circulation through the lungs the 
blood is continually diſcharging carbonaceous mat- 
ter and abſorbing heat, and that in its paſſage 
through the other parts of the . it is nn 
im- 
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imbihing carbon and emitting heat. In this account : 


of animal heat 1 have entirely omitted the abſorp- 
tion of vital air. This abſorption was not admitted 
by Dr. Crawford, and, though eſtabliſhed by the 
experiments of Dr. Prieſtley, does not at all inva- 
lidate the theory of the former philoſopher. It is 
conſiſtent with either hypotheſis, that the blood in 
the lungs gains the heat which is loſt by the air; 
and upon the truth of this propoſition reſts the 
theory of Dr. Crawford, 
By the different capacity which blood Coſſeſſes 
for heat in its different ſtates, it is capable of ſup- 


plying the different parts of the body with heat, 


while its own temperature remains the ſame. If 
this difference of capacity for heat did not exiſt, 
the extremities of the body could not be properly 
| ſupplied with heat from the lungs, unleſs the lungs 
themſelves were expoſed to a degree of heat which 
would be certainly prejudical, and, perhaps, ſuch as 
no organiſed ſubſtance could ſupport without de- 
ſtruction. 

Dr. Crawford has moreover proved, by a courſe 
olf experiments, that when an animal is placed in 
a cold medium, the venous blood acquires a deeper 
hue; that a greater quantity of air is vitiated in a 
giyen time, and, conſequently, that more heat is 


abſorhed by the blood. It appears, therefore, that 


nature has in this, as in many other inſtances, con- 


nected the occaſion with the means of ſupplying 


it. Since, therefore, it is proved, that heat is ab- 
ſorbed from the air in reſpiration, and ſince the 
quantity abſorbed is not only adequate to the pur- 


poſe, but n to the orcalion, WE may con- 


ſider 
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nder ourſelves as greatly indebted to Dr. Crawford 
for cg np thrown great light on a moſt important 
function, but gut which muſt ſtill be enumerated, 


on ſome accounts, among thoſe obſcure proceſſes 


of nature, on which human ingenuity may exert 
irs powers, but which i it can probably never com- 
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Inſtrument of Sound in the Animal Body —The Laryme —BExpirts | 


ments on the Windpipes of different Animals,—Whether the Lu- 
 nynx acts as a wind or firinged Inſtrument,—Singing, how per- 
rand —Speaking.—Whiſpering. | 


LL animals, as far as our obſervations ex- 
tend, have the power of communicati 
their ſenſations or ideas to each other, and the Prin- 
cipal means of this communication is the voice. 


Man is indebted to this function for the ſatisfaction 


of ſocial intercourſe, and in a great meaſure alſo 
for his diſtinguiſhed pre- eminence above other ani- 
mals in mental acquirements, | 

The inſtrument of the voice is the larynx, and 


the immediate occaſion of it is, the expulſion of the 


air from the lungs through this organ exciting a 
vibratory motion in the whole larynx, but more 
particularly in the ligaments which paſs from the 
ſcutiform to the arytenoid cartilages. That the 
larynx is really the inſtrument of the voice has been 
fully proved by an ingenious anatomiſt * of our 


times, who, after detaching the windpipe from the 


bodies of different animals, by relaxing or ſhort- 
ening the tendinous bands at the extremity of the 


vine and blowing in at the oppoſite end, found 
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a Voice in Birds. [Book IX. 


means to produce all the different cries and tones 
of which the living animals were capable. On 
the different ſtructure of the larynx depends the 

different voices of animals; thus birds, which 
have a ſhrill and piercing note, are found to be 
poſſeſſed of a narrow larynx ; animals, which are 
hoarſe or mute, of a wide one. The ſame fact is 


proved in ourſelves. ' We may perceive, by ap- 


plying the finger to the throat, when we endeavour 
to produce a ſhrill tone, that the larynx is contracted, 
rendered tenſe, and elevated; when we produce a 
grave ſound, it is enlarged, relaxed, and depreſſed; 
by endeavouring to produce a graver tone than we 


are capable of, the larynx is too much relaxed to 


perform its 'office, and the air paſſes through it 
without producing any ſound whatever. 


Bonnet obſerves, that birds are furniſhed with 5 


may be called two larynxes, the one at the ſuperior 
extremity of the windpipe, as in men and quadru- 
peds; the other (which is the principal organ of 
ſound with them) at the inferior extremity, and cloſe 
to the bronchiæ. The chief inſtrument for the mo- 
dulation of the voice in this lower larynx is a mem- 


brane ſituated tranſverſely between the two bron- 


chiæ, communicating with other membranes, re- 
ſembling the reed of a hautboy On the greater 
or leſs elaſticity of theſe membranes depends the 
tone of the voice, in the ſame manner as in other 
animals it depends on the tenſion or relaxation of 
the cords of the glottis *. 

It has been much debated, whether the leer 


in producing the voice, acts as a wind or a ſtringed 


» Bon. Cont: p. 7. ee 
inſtrument; 
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inſtrument ; but there can be little doubt, from the 


ſtructure and motions of the lun, that it poſſeſſes 
the advantages of both. — 


Singing 1 is a modulation of the voice, through 
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various degrees of acuteneſs and gravity, and is 1 
performed almoſt ſolely by the larynx, though the 4 
noſe and mouth are in ſome degree concerned in N 
improving and ſoftening the rones. During ſpeech, 1 
the larynx is pretty much at reſt, as very little vari-, # 


ety, with reſpect to gravity or acuteneſs of voice, is 

requiſite, The yoice being produced in the la- 
rynx, is afterwards formed into letters, ſyllables, 
and words, by various motions of the tongue and 
lips. The larynx is very little, if at all, employed 
in whiſpering, and ſeems to tranſmit the air in this 
caſe as a ample tube, like the windpipe. 


CruaP 


„ „ 
CnAr. XXXIV. 


MUSCULAR MOTION. 


Inquiry whether any Thing LE. to be 1 . is to to be 
found in the other Parts of Creation. — Different Hypothe/es 
concerning the Cauſe of muſcular Motion. Its Dependence on 
tze Will. —Cantractile Poæuer of Muſcles after Death. Eutent 
| of the Contraction of Muſcles,» Advantage from the Obliquity 
F certain Muſcles, Inſertion of the Tendons. Force of 
Muſcles. 


HE power of contraction, with which the 
muſcles of animals are endued, and by 
which they perform all the motions of the body, 
is different from any property inherent in any 
other kind of matter. But though the moſt re- 
markable examples of, muſcular contraction are ob- 
ſerved among animals, yet we are by no means 
authorized to conclude, that the vegetable king- 
dom is wholly deſtitute of. ſimilar powers; on the 
contrary, the expanſion and contraction of the 
flowers and leaves of plants, according to the de- 
gree of heat, and the circulation of their ſap, are 
ſtrong arguments in favour of the. opinion that they 
are furniſhed with organs truly muſcular ; and the 
convulſive motions excited by touching the ſtamina 
of certain plants ſeem to place this matter 9 | 
diſpute. 

Under the head of anatomy, the general out- 
lines of the ſtructure of the muſcular organs have 
| been 
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been already conſidered ; but nothing further was 
advanced on the preſent ſubject, than that muſcles 
are contractile maſſes compoſed of numerous mi- 
nute, and in general red *, fibres, combined together 
in bundles by cellular Abele Such, therefore, 
being the ſtructure of muſcles, little credit appears 
to be due tothe ſuppoſition, that muſcular contraction 
depends on an influx of blood or any other fluid 
into minute bladders or cells; and it muſt remain 
undetermined, whether the ultimate moving fibres 
are tubular or ſolid; whether they conſiſt of chains 
of rhomboidal veſſels, as has been imagined by ſome 
phyſiologiſts, or whether, as others have thought, 
they contain a kind of down or woolly ſubſtance. 

When muſcles are thrown into action, they be- 
come ſhorter, broader, and more denſe, or ſolid, to 
the touch; their bulk does not ſeem to be on 
the whole increaſed, nor are they found to be of a 
paler colour. 

Muſcles never act but from ſome exciting cauſe ; 
of theſe one of the moſt frequent and curious is 
volition, by which every day's experience teaches 
us we have the power of throwing the greater 


number of our muſcles into action. Over ſame _ 
of our muſcles, however, as thoſe of the inteſtines, 


and the heart, the will has no influence, and theſe 


are therefore called muſcles of involuntary motion. 


What is the nature of the influence which the will 
exerts over muſcles, we can never hope to diſco- 
ver; but it is of importance t to remark, that the 


The colour proceeds ſrom the blood, which the 7 contain in h 


minute veſſels. . 
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384 Muence of the Nerves. [Book IX. 
nerves are the organs by which this influence is 


exerted ; for the nerve leading to any particular 
limb being divided, we are no longer able to move 
that limb at our pleaſure. | 

Beſides, however, being influenced by the will, 


- muſcles are thrown into action by ſeveral other 


cauſes, ſuch as chemical or mechanical injury, arid 


ſtill more remarkably by the electric ſhock, which 
influences muſcles inſalible to every other known 


ſtimulus. | | 
' Muſcles retain a contradtile power for a con- 
ſiderable time after they are removed from the 


living body; this power, however, gradually di- 


miniſhes, till, ſooner or later, according to a variety 


of circumſtances, it ceaſes altogether. The muſcles 


of involuntary motion, when removed from the 
reſt of the body, retain their contractile power 
longer than thoſe of voluntary motion; the former, 
indeed, from this circumſtance, as well as from their 
uninterrupted motion in the living body, ſeem to be 
poſſeſſed of a capacity for OREN FONG that 
of the other muſcles. 

What has been hicherto nated, relates principally 


do the more remarkable muſcular contractions, by 


which the actions of the body are performed; but 


it is to be remembered, that beſides theſe occafional 


contractions, there is a continual tendency in the 
muſcular fibre to ſhorten itſelf; and even after 
death, when a muſcle is divided, the wounded ex- 
tremities recede from each other. A ſtrong illuſ- 
tration of this circumſtance is obtained, by obſerv- 


ing the conſequence of dividing a muſcle in the 


living body, for in i this caſe its antagoniſt will con- 
ſtantly 
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ſtantly draw the part which theſe muſcles were de- 
ſigned to move, towards its own fide. | 

That power by which the different parts of a 
muſcle, divided after death, recede from each other, 
is called the vis mortua, and is common to muſcles 
and other animal fibres. The power by which a 


- muſcle obeys a ſtimulus after being ſeparated: from 


the body, or after its communication with the ſen- 
ſorium has been cut off by other means, as by 
dividing or tying its nerves, has been called its vis 
inſita. This power is more peculiar to life; and 
though it may continue for a few hours after death, 
yet it diſappears much ſooner than the former, It 
was ſuppoſed by Haller to exiſt wholly independent 
of the nerves, but this opinion has neither been 
eſtabliſhed nor refuted. The capacity of muſcles 


to obey the influence of nerves, is called the vis 


nervea. The power which we poſſeſs of calling 
the muſcles into action by a voluntary effort, de- 
pends on a relation eſtabliſhed by God, and not on 
the directing influence of the human ſoul, ſince we 
have no conception of the intimate ſtructure either 
of the nerves or muſcles. It is true, that by habit 
we acquire a more exact command over our muſ- 
cles in moſt inſtances, yet the operation of ſuck- 


ing, in which a variety of muſcles operate in a 


complex manner, is performed by a new born in- 
fant; and the young of many animals can- walk | im- 
mediately after birth. 

The extent of the contraction of a nat has been 
limited by ſome anatomiſts to one third of its length, 
This ſtatement, however, though it may be nearly 
juſt with reſpect to the greater number of muſcles, 
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cular coat of the bladder for example, will admit of 


is by no means true with reſpect to all. The muſ- 


that organ containing a quart of fluid matter, with- 
out much inconvenience, and at the ſame time is 
ſo contractile as to be capable of e ont: 
every drop in a very ſhort time. | 
But the extenſive effect of muſcular r is 
not owing only to the degree to which a muſcle can 
ſhorten itſelf, but alſo to the direction of its fibres. 
Thus oblique muſcles produce a much more exten- 
ſive motion than thoſe which are ſtrait, and this 
extenſiveneſs of motion is proportioned to the obli- 
quity of the muſcle. What is gained, however, in 
extenſiveneſs of motion by the obliquity of fibres, 


is loſt in force; but this is more than compenſated 


by the oblique ſtructure, allowing ſpace for a much 
greater number of muſcular fibres. Oblique mul- 
cles have therefore in both reſpects the advantage 
over thoſe which are ſtrait, and are accordingly 
much more numerous in the animal machine. 
There is no part of the ſtructure of the animal 
body, which 1s more calculated to excite our ad- 


miration, than the manner in which the tendons of 
muſcles are inſerted into the bones. If for inſtance, 


the muſcle called the biceps, which lies at the inſide 


of the os humeri, and which is deſigned to bend the 


fore- arm, inſtead of terminating at the upper part 
of the radius, had been inſerted half way between 
the elbow and wriſt, it is evident, that when the 
muſcle had contracted itſelf ſo as to bring the fore- 
arm to a right angle with the os humeri, the ten- 
don muft have ſtarted ſeveral inches from its place, 
and have given the limb a very unpleaſant ap- 

pearance, 
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pearance, and mult alſo have been attended with. 


ſeveral real inconveniences. By the tendon, how - 
ever, being inſerted near the joint, the motion of 
the limb is performed without ſo great a riſing of 
the tendon as to prove troubleſome. By this ſtruc= 
ture moreover, the motions of the limb are much 
quicker than if the tendon had been inſerted lower 
down towards the writ. By the tendon being 
inſerted nearer the axis of motion, it is alſo evident, 


that a much ſmaller contraction of the muſcle is 


ſufficient to produce an effect, than muſt have been 
neceſſary to produce the ſame had the inſertion of 


the tendon been half way between the elbow and 


the wriſt. That univerſal rule in mechanics, how- 
ever, that what is gained in quickneſs is loſt in 
force, it muſt be remarked, is applicable to this caſe, 
ſo that ſome loſs of ſtrength neceſſarily attends the 
acquiſition of ſuperior celerity. But this incon- 
venience has been obviated by a very ſimple ex- 
pedient, that of making the muſcle ſtronger than 
would otherwiſe have been neceflary. / 

Many very erroneous calculations have been 
made with reſpe& to the force of muſcles, Bo- 
reli has been led to conclude that the heart 
every contraction exerts a force equal to 100,000] 
while others have pretended to diſcover that 
this force does not amount to many ounces. With 
reſpect to the heart, however, we really have not 
data on which we can proceed with any tolerable 
degree of preciſion. There is no muſcle in the 
body more conveniently ſituated for having the 
force of its contraction determined than the biceps 
of tet arm. It will be foreign from our preſent 
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purpoſe to mention all the ſteps of the calculation 
with the groſs reſult of which I ſhall in this place 
preſent the reader; it is indeed merely mentioned 
as probable, that when we raiſe forty pounds 
weight by means of the fore arm, the biceps exerts 
a force atleaſt equal to five or ſix hundred pounds. 
Ihe ſurprizing muſcular force of the turkey's 
gizzard, has been already noticed. 

From theſe obſervations, it appears, notwith- 
ſtanding the great viſible exertions of muſcu- 
lar force, that the greater part of their real power 
produces no apparent effect. For all muſcles are 
inſerted nearer the center of motion than the 
weights on which they act, and their effect is 
therefore leſs in proportion to the ſhortneſs of the 
lever on which they act. In moſt of the limbs the 
muſcles are inferted at very acute angles, which 
throws their force more nearly in the direction of 
the center of motion, and conſequently leſſens their 
effect. Many muſcles paſs over projecting bones, 
which increaſes friction. But beſides all theſe 
cauſes diminiſhing the power of muſcles, one half 
of their ſtrength is exerted on their fixed extremity, 
&r a muſcle in action, like an extended cord, exerts 
equal force at both extremities. 


CHAT. 
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CAT. XXXV. 
ANIMAL ELECTRICITY. 


Accidental Diſcovery of M. Galvani.— Animal Elericity only 


excited by Metals.—FExperiments on dead Animals.-Conduttors 


and Non-condudtors of this Power Experiments on the living 
Subject. On Earth Warms, Ic. Analogy between this Power 
and E TY of the Torpedo. Nervous E nergy. 


M 0 N G the late diſcoveries i in philoſophy 

there is not any more curious than that rela- 
tion which is found to exiſt between certain metals 
and the nervous and muſcular ſyſtem of animals, 
which has received the name of animal electricity. 


How far it is conſiſtent with truth to refer this in- 


fluence to the laws of electricity may be a pro- 


per ſubject of inquiry, and perhaps of ſkepti- 


ciſm; but it will be neceſſary previouſly to re- 
late the principal facts which have been aſcer- 
tained: on a ſubject ſo novel in phyſiology, and ſo 


little analogous to the known principles of animal 


exiſtence. 
The ſhock which the muſcles of the human 
frame receive from the touch of the torpedo, and of 
the electrical cel, had long been known; but that 
the animal fibre when deprived of the principle of 
vitality ſhould be ſubject to a ſimilar influence, was 
a diſcovery reſerved for the preſent age. M. Gal- 
_ van), the profeſſor of anatomy at Bologna, obſerv- 
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390 Diſcovery of Galvani. [Book IX. 
ing one day certain involuntary contractions and 
motions in ſome frogs, which, with little credit to 
the profeſſor's humanity, had been hooked by the 
back - bone and ſuſpended from the iron paliſadoes 
of his garden, his curioſity was powerfully excited, 
and on examining minutely into the cauſe of theſe 
contractions, he found that he could produce them 
at pleaſure, by touching the animals with two differ- 
ent metals at the amt time in contact wich each 

other. > 
From later ciervaddot it ſeems to be ſufficiently 
aſcertained that theſe involuntary contractions can- 
not be excited by any ſubſtances whatever, whether 
ſolid or fluid, except the metals, and that the mutual 
contact of two metals with each other is, in every caſe, 
neceſlary to the effect. Zinc has been found by far 
the moſt efficacious, eſpecially when in contact with 
gold, filver, molybdena, ſteel or copper, although 
theſe latter excite feeble contractions when in contact 
only with each other. Next to zinc, tin and lead 
ſeem to be the beſt excitors. When the pieces of 
metals employed, and the ſurface of the animal fibre 
with which they are in contact, are large, the 
gontractions excited are in general more confider- 
able, but by no means in e to theſe cir- 
cumſtances. 5 
In order to obſerve the phenomena | in Arto 
cut off the head of a frog. When it has ceaſed to 
1 ſtruggle, apply a plate of zinc under i its body, and a 
late of gold to the ſuperior ſurface. Then ſlide 
the gold plate till it comes in contact with the zinc, 
when te muſcles which: are further from the brain 
5 985 "Und 
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and ſpinal marrow than the merals, will be thrown 
into contraction. 

This effect will take place, although the frog 
with the metals are placed on an inverted glaſs jar, 
and a ſtick of ſealing- wax is interpoſed between the 
hand of the operator and the metals, that is, al- 
though the animal as well as the metals is inſulated, 


1 mentioned gold as being the moſt powerful of the 


metals, but a plate of filver, a crown-piece for in- 
ſtance, will anſwer the purpoſe. _ 

Cut off the thigh of a frog juſt killed cloſe to I 
body, and lay bare the ſciatic nerve. Place the 
nerve in contact with a piece of zinc, and let i its foot 
reſt on a piece of ſilver ; on bringing the two metals 
mto contact, the muſcles of the pb will be con- 
vulſed. 

If a piece of braſs wire is 1 to touch at Ny 2 
ſame time the metals diſpoſed as above deſcribed, 
a communication will be formed between them, and 
the contraction of the muſcles will equally take 
place. 

If the nerye is made to reſt on a piece of zinc, 
and the zinc is touched with 2 plate of filver held 
1a one hand of the operator, while with the other he 
takes hold of the foot of the frog, the influence will 
paſs through the body of the operator, and the limb 
will alſo be convulſed. — Theſe experiments mult be 
performed before the nerye becomes dry by expo- 
ſure to the air. 

In order that theſe 8 ſhould be pro- 
duced, it is not neceſſary that either of the metals 
ſnould be in actual contact with the animal 
in Which the convulſions are to be excited; as 


C os | the 


392 Pater, Metals, Cc. Conduffors [Book IX. 
the interpoſition of pieces of boiled or putrid 
beef were ound * Dr. Monro not to Frome the 
effect. 

By an experiment of Dr. Fowler the ſame fact 
is proved. He found that if a frog, of which! the 
head ſhould be firſt cut off, is divided into two parts, 
| Juſt above the origin of the ſciatic nerves, and put 
into a baſon of water, the hind legs may be thrown 
into ſtrong contractions, by bringing zinc and ſilver 
into contact with each other, at the diſtance of at 
leaſt an inch from the divided ſpine, ſo long as they 
are kept nearly in a line with it. Water in this 
caſe is the only communication berween the metals 
and the origin of the nerves. 

Dr. Fowler remarks, that he has frequently paſſed 
this influence through a great length of thin braſs 
wire, and through the bodies of five perſons com- 
municating with each other by dipping their fingers 
in baſons of water placed between them; yet it did 
not appear to have loſt any of its force in this long 
and diffuſed paſſage; for the contractions excited in 

the frog's leg were equally ſtrong, as when it had 
paſſed only through one perſon. Dr. Fowler made 
many experiments in order to diſcover what ſub- 
ſtances were conductors and what non- conductors of 
this influence. He found that all metals when pure 
were excellent conductors; that they were not quite 
ſo good when in the ore; and as far as he could 
aſcertain, leaſt ſo when in the ſtate of metallic ſalts. 
From trials which he made with ſome of the calces 
of metals he concludes, that in that ſtate their ca- 
pacity as conductors is quite deſtroyed, Stones 

ſeemed to be FRO: of no conducting power. 
; 6 „ 
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The different non- conductors of electricity were 
found to be non-conduQors of this influence, 


Living vegetables afforded it a ready paſſage, pro- | 


| bably from the fluids which they contain. Oils of 
all kinds were fo far from conducting, that if the 

fingers of the perſon holding either the | probe or the 
zinc have perſpired much, even this operates as a 
complete obſtruction to the paſſage of the influ- 
ence; the inſtant the perſpired matter has been 
wiped away, and the fingers have been dipped in 
water, it again paſſes and excites contractions. Dr, 
Fowler wiſhed to aſcertain whether it paſſed over 
the ſurface or through the ſubſtance of metals; he 
coated ſeveral rods of different metals with ſealing- 
wax, leaving nothing but their ends, by which hes 
were held, uncovered. Contractions were excited 
as readily through the medium of theſe, as if they 
had not been coated. It ſeems to meet with no 


obſtruction in paſſing from link to link of ſeveral 


chains, even when no preſſure, except that of their 
own weight, is uſed to bring them into contact. 
Dr. Fowler was led from this to hope, that he 
ſhould be able to make it paſs through a very thin 
plate of air. He therefore coated a ſtick of ſeal- 
ing-wax with a plate of tin-foil, and then made an 


almoſt imperceptible diviſion acroſs it with a ſharp 


pen-knife ; but even this interruption of conti- 
nuity in the conductor was e effectually to 
prevent its paſſage, 

Dr. Fowler next proceeds to examine whether 


the capacity of different ſubſtances, as conductors 


or non conductors, was at all effected by differ- 
ences of their temperature ; but this was not the 
caſe 
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vs. Experiments lang - [Book IX. 
caſe with zinc, iron, water, coal, or a common 
crucible, the only ſubſtances with which he wied 
the experiment. 

The effects of this influence may be fale i in our- 
ſelves by a very eaſy experiment. If a piece of 
lead 1s applied to the upper part of the point of the 
tongue while a piece of ſilver is applied to the 
under part, upon bringing the two metals into con- 
tact, a ſomewhat pungent ſenſation will be felt, ac- 
companied by a ſtrong metalline taſte of ſome 
duration. The ſame ſenſation takes place though 
both of the metals are prevented from touching the 
tongue by the interpoſition of moiſtened paper. 

Dr. Fowler ſays, he could never perceive that 
dhe ſenſes either of touch or ſmell were in the leaſt 

affected by the metals; but the effect which they 

Les gb on the eye is very remarkable. Having 

laid a piece of tin- ſoil on the point of his tongue, 
he placed the rounded end of a ſilver pencil cafe 
againſt the ball of his eye, in the inner canthus, and 
ſuffered them to remain in theſe ſituations till the 
parts were ſo accuſtomed to them, that he could 
examine the ſenſations produced; he then brought 
the metals into contact with each other, and to 
his ſurpriſe, perceived a pale flaſh of light diffuſe 
itſelf over the whole of his eye. His tongue was 
at the ſame time affected with a ſimilar ſenſation to 
that produced when both of the metals are in con- 
tact with it. On darkenihg the room the flaſh be- 
came more diſtin and of a ſtronger colour. It 
the experiment is made with zinc and gold, inſtead 
of tin-foil and filver, the flaſh is incomparably more 
vivid. By ee a rod of ſilver as far as 

d poſſible 
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poſſible up the noſe and then bringing it into contact | 
with a piece of zinc placed upon his tongue, he alſo #1 


ſucceeded in producing the ſenſation of a flaſh of 
light, rather more vivid than when the ſilver 
Vas in contact with the ball of the eye. Dr. Fowler 
alſo mentions that his friend, Mr. George Hunter 
of York, diſcovered that by placing. one of the 
metals as high up as poſſible between the gums and 
the upper lip, and the other in a ſimilar ſituation 
with regard to the under lip, a flaſh was produced 
as vivid as that occaſioned by paſſing one of the 
metals up the noſe, and placing the other upon the 
tongue. It differs, however, from the flaſh pro- 
duced in . the other way, in the ſingular - cir- 
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cumſtance of not being confined to the eye alone, 5 
but appearing diffuſed over the whole face. On El 
repeating the experiment myſelt, and attending to 9 


the concomitant ſenſations produced by this diſpo- 
ſition of the metals, I perceived that a ſenſe f 
warmth, at the inſtant that they were brought into | bt 
contact, diffuſed itſelf over the whole upper ſurface 
of the tongue, proceeding from its root to the point. 
Dr. Rutherford, to whom Mr, Hunter had commu. | 
nicated this experiment, remarked, on repeating ir, 0 
that a flaſh is produced not only at the inſtant the = 
metals are brought into contact, but likewiſe at the | 
inſtant of their ſeparation ; while they remain in 
contact no flaſh is obſerved. Theſe curious pheno- 
mena demonſtrate the free communication which 
ſubſiſts between the ſeveral branches of the fifth ie 
af nere, 
The abend fact is . wha from Dr. | 
F . 5 ingenious and entertaining book on animal 
electricity. 
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electricity. He laid a leech on a crown-piece of 
filver, placed in the middle of a-large plate of zinc. 
The animal moved its mouth over the ſurface of the 
ſilver without expreſſing the leaſt uneaſineſs ; but 
having ſtretched beyond it and touched the zinc 
plate with its mouth, it inſtantly recoiled as if in 
the moſt acute pain, and continued thus alternately 
touching and recoiling from the zinc, till it had the 
appearance of being extremely fatigued. When 
placed wholly upon the zinc, it ſeemed perfectly 
at its eaſe; but when at any time its mouth came 
in contact with the filver lying upon the zinc, the 
ſame expreſſion of pain was exhibited as before. 
With the earth worm he found that the experiment 
ſucceeded ſtill more deciſively. The animal ſprang 
from the zinc in writhing convulſions; if, when 
the worm ſtretched itſelf forwards, one of the folds 
came upon the zinc, it expreſſed little uneaſineſs in 
compariſon of what it ſhewed when the point of its 
head touched the zinc. | 
Whether this influence, whatever it may be, is 
derived from the metals alone, or whether the 
animals contribute to its Production, is not _ to 
determine. | 
On re-conſidering the phenomena exhibited by 
this newly diſcovercd influence, we ſhall perceive that 
in ſome reſpects it remarkably reſembles electricity, 
-and in others as remarkably differs from it. 
Like the electric fluid, it ſtimulates: muſcles to 
contraction. Like that, its progreſs is arreſted by 
*laſs, ſealing wax, &c. while it is conducted by 
metals, moiſture, &c. Dr, Valli informs us, 
that he obſerved the hairs of. a mouſe, attached 
F ; to 


SY 
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to the nerves of frogs by the tinfoil with which 
he furrounded them, alternately attracted and 


repelled by. each other, whenever another metal 


was ſo applied as to excite contractions in the 
Like the electric fluid, it excites a ſenſation of 

pungency in the tongue; and paſſes with ſimilar 

rapidity through the bodies of animals. | 


It differs from the electic fluid in many re- 
ſpects. 


In order to 0 the electric power, it is 1. 


ceſſary that there ſhould be motion or friction 
between two ſubſtances, an electric and a con- 
ductor. Animal electricity is produced by two 


metals, which? are both conductors and without 
friction. 


According to Dr. Fowler, charcoal is a Neuer 
conductor of electricity than the fluids of animal 


bodies. Whereas he never could make the in- 


fluence in queſtion paſs through charcoal. 

Dr. Fowler in oppoſition to Dr. Valli alledges, 
that he could not obſerve that the niceſt electro- 
meters were affected by this influence. 

The ſame author remarks, that the moſt important 


and characteriſtical difference which he has yet 


been able to diſcover between this new influence 
and electricity, conſiſts in their effects upon the 


contractile power of animals and of plants. The 
contractions of animals excited by electricity, have a 


tendency to deſtroy that power upon which con- 


tractions depend. But the contractions excited 


by the h of the metals, have in all his 


experiments 
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experiments had the directly oppoſite effect. 
The more frequently contractions have been in 
this way excited, the longer they continue ex- 
citable; and the longer are. the parts upon 
which ſuch TRE are made, mo from 
putridity. ” 

It is ſaid that a from = clefiriciey: paſſed 
| through a ſenſitive plant, produces an almoſt im- 
mediate collapſe of its leaves; but the influence 
in queſtion produced no ſuch effect in an experi- 
ment made by Dr. Fowler. 

The ſame attentive experimentaliſt electrißed 
both poſitively and negatively frogs, whoſe heads 
had been ſeparated from their bodies. In theſe 
circumſtances the effects of the influence in queſtion 
took place in the ſame manner and degree as when 

no artificial electricity was preſent. 

When there is a breach of equilibrium in the 
diſtribution of the electric fluid, all that is required 
in order to reſtore the equality of diſtribution, is 
the inte rpoſition of a ſingle conducting ſubſtance 
detween the place in which it abounds, and that 
in which there is a deficiency; whereas if the 
phenomena of animal electricity are to be attributed 
to the ſame cauſe, it does not appear why wv con- 
ducting ſubſtances ſhould be neceſſary. 

In eſtabliſhing a communication between two op- 
poſite electricities, as for example, between the two 
ſides of a charged phial, it is matter of indifference 
to which the conductor is firſt applied; but it is 
by means ſo, in producing the phenomena of ani- 
mal electricity; for if « one branch of a condue- 
tor is applicd to the tin · foil arming a nerve, before 
k the 
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the other branch has been applied to the muſcles, 
it frequently fails to excite contractions. If firſt 
applied · to the muſcles; e is e . e 
„ 3:09 

From ſome trials * Dr. F 2 made with 
tha artificial and natural loadſtones, and a very ſen- 
ſenſible magnetic needle, he faw no reaſon to ſup- 
poſe that this new influence was in = way con- 
nected with magnetiſm. 

Animal electricity is even found to differ, i in ſome 


reſpects, from that power by which the torpedo, 


gymnotus, &c. produce their ſhocks. We are 
told by Mr. Cavendiſh, that Mr. Walſh found that 
the ſhock of the torpedo would not pafs through 
a ſmall braſs chain. It reſembles the power of the 
torpedo, however, in producing its effects almoſt 
_ equally well, when both it and the ſubject upon 
which it acts are inſulated from ſurrounding con- 
ductors. The ſhock of the torpedo, &c. ſeems 
to depend entirely on the will of the animal; 
but the will of the animal has no ſhare in the 


production of the Eton: diſcovered by 
Galvani. 


That this influence is not the fs with the 


nervous energy appears from its not being ſtop- 
ped by a tight ligature, or by the tranſverſe in- 
ciſion of a nerve, provided its parts are again 
brought into cloſe contact. The nervous energy 
is effectually ſtopped by a tight ligature or a tranſ- 
verſe inciſion; and placing the divided extremities 
into the cloſeſt contact has no effect in reſtoring its 


influence on the parts of the body to which the 


divided nerve was diſtributed, 
On 
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On the whole it may be ieee that the in- 
fluence diſcovered by Galvani reſembles electricity 
more than any other known law of nature. But it 
differs in ſo many inſtances even from it, that in | 
the preſent ſtate of our knowledge, we muſt con- 


fider it as a newly diſcovered law in nature; though 


future experience and more extenſive obſervation 


1 lead to a different concluſion. 
CHAP. 


_ a * b el. 5 + 
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e SENSATION. 


Difficulty of the 8.505 —Senſation the Le of certain Relations 
eftabliſhed by the Creator.—Objeas of different. Senſes.— In- 
fluence of the Nerwes in conveying Senſations to the Brain. The 
Brain the Repoft, tory of Ideas, — Iuſtinct of Animals as connected 
evith the nervous Syſtem.— Harmony of the Senſer.— Duration 
of n Inpreſfons. The Five Senſes, 


R © M che conſideration of the Gber fins 
tions to that of ſenſation, the tranfition muſt 
be abrupt and without gradation. We now enter 
on a ſubject above all others the moſt intricate 
and difficult, and on which, ſince reaſon is engaged in 
diſcovering the ſource whence it derives thoſe ideas 


on which it acts, we "mult neceſſarily nn in a 
circle. 


Senſation is the link, by which the Deity has con- 
netted the material to the immaterial world. With 
out ſenſation, in vain would the ſtars have beſpangled 


the firmament of heaven, in vain. would that gl6ti- 
ous object the ſun have been appointed to illumi- 
nate and cheriſh the productions of the earth; they 
could have been nothing to beings who muſt have 
been unconſcious even of exiſtence ; and the ma- 


terial world would have been a 9 e utility 


or deſign. 
Senſation is the conſequence of certain eſtabliſhed 
relations between objects; of theſe relations we 
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can give no account, for they appear equally 
above our comprehenſion with the principles of gra- 
vitation, electricity, or magnetiſm, Relations be- 


' tween the matter of light, the objects of viſion, 
and the eye, produce ſight; relations between 
ceœertain vibrations of the air and the ſenſorium of 


the ear produce hearing, and ſo of the other ſenſes. 

We by no means, however, can pretend, in any of 
theſe caſes, to determine all the intermediate cauſes 
and effects between the quality in a body, which 
renders it an object of ſenſation, and the perception 
in ourſelves; nor are we by any means authorized 
to conclude, that our perceptions are juſt emblems 


of the objects which occaſion them. But this cir- 


cumſtance, upon which ſo much has been ſaid, can 
be to us of little importance, ſince it ſtill remains 


equally true, that our ſenſations are regulated by 


fixed laws eſtabliſhed by the Deity himſelf, and ſince 

we muſt ſuppoſe that the Creator of the univerſe 

has ordered all things in wiſdom and goodneſs. 
We are ignorant. of the means by which the 


objects of ſenſation affect the body; but the moſt 


obvious and ſimple idea that we can form on this 


ſubject is, that they act by impulſe. Thus the 


rays of light are known to travel with aſtoniſhing 
velocity, and to poſſeſs a power of moving light 
bodies. Sound is a tremulous motion of the air, 
capable of being communicated to bodies in har- 
monic proportion with it, Odorous particles require 
the aſſiſtance and motion of air to affect the organs 
of ſcent. The objects of taſte are more perfectly 


perceived by being preſſed between the tongue and 
palate. In order to feel any thing, it is neceſſary 


chat 
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chat the ſkin ſhould be preſſed againſt it with a a 
certain degree of force, or, what is ſtill more effec- 
tual, rubbed over its ſurface. 

The inſtruments, which are deſigned to con- 
vey the effects produced by material objects on 
the organs of ſenſation to the brain, are the nerves, 
which have been already deſcribed as diſtributed 
to the ſeveral parts of the body, and more parti- 
cularly to the organs of lenſation. What is the 
difference of ſtructure, which adapts the ſeveral 
nerves to the ſeveral organs of ſenſation, we know 
not, nor can we determine whether certain parts of 
the brain correſpond with the nerves connected with 
certain organs of ſenſation, and are deſtined to pre- 
ſerve the ideas received by theſe particular organs, 
or whether the whole brain is common to the 
whole ſtock of our ideas and ſenſations ; though 
theſe have been ſubjects of much ſpeculation, it 
has not even yet been aſcertained, whether any ma- 
terial impreſſion whatever takes place in the brain 
in conſequence of impreſſions on our ſenſes ; and 
until this queſtion is determined, we cannot be 
prepared to examine the other. That the brain, 
however, is really in ſome way or other the repo- 
ſitory of our ideas, we may venture to conclude, 
ſince a perſoi. who loſes an organ of ſenſation 
does not loſe the ideas previouſly acquired by it; 
and fince perſons ſometimes complain of pain, 
ſeated in the extremity of a limb of which they ener 
long ſince been deprived. 

There have been of late years ſome curious ſpe- 
culations among philoſophers with reſpe& to the 
material cauſe of inſtinct in animals, and as there 
D d 2 | 2 
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is ſome plauſibility in their reaſonings, it may be 
worth while briefly to mention the outlines of their 
ſyſtem. They ſuppoſe that the motions of animals, 
commonly called inſtinctive, ariſe from a connection 
of the nerves belonging to different parts in the 
brain. In this manner, when the young bird hears 
the call of its mother, and opens its beak, they ſup- 
poſe this effect to be owing to an original connection 
between the auditory nerve and the nerves commu- 
nicating with the muſcles employed in opening the 
bird's beak. When a new- born quadruped per- 
forms the complex aclion of ſucking, in conſequence 
of the application of its noſe to the teat of its mo- 
ther, they attribute its capacity for executing a 
function, in which ſo many mulcles are employed, 
to a connection originally exiſting in the brain, be- 
tween the nerves of its noſe and thoſe which belong 
to the organs employed in ſucking. The moſt 
complex inſtinctive actions of animals, according to 
the ſe philoſophers, may be explained on the ſame 
hy potheſis. 

The qualities of bodies, as p by one ſenſe, 
are very frequently connected with others per- 
ceived in the fame bodies by the other ſenſes: thus, 


apparent vnevenneſs. of ſurface, is united with a 


roughneſs to the touch; apparent vibration, with 


ſound; and there is a certain analogy. between the 
odours and taſtes of many bodies. Theſe conclu- 


ſions, however, are to be referred to our previ- 


ous experience, and by no means authorize us to 


think that there is any ſimilitude in the mode of 
perception between the ſenſes of ſeeing and hear- 
ing, ſeeing and feeling, or taſting and ſmelling, It 
is faid, that there have been perſons who could diftin- 
guif 
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guiſh colours by the ſenſe of feeling; but if they did, 

it muſt evidently have been from ſome difference of 
roughneſs, ſmoothneſs, &c. reſulting from the ma- 
terials employed in colouring, and not from any 
property inherent in the different colours as ee 
of fights. © * 

It i is ordained by our Creator, for the moſt im- 
portant purpoſes, that our ſenſations ſhould not be 
too evaneſcent; and it requires ſome time after one 
impreſſion is made on an organ of ſenſe, before 
that organ can receive another, This is proved by 
a very ſimple and deciſive experiment. All of us 
have probably obſerved, when a ſtick lighted at one 
end, or a coal, is whirled round with a certain de- 
gree of velocity, that the whole circle which it per- 

forms appears equally illuminated, and that we 
cannot determine at what point of the circle the fire 


really is; and the ſame circumſtance may be ob- 


ſerved in the blending of colours, which are yet 
marked diſtinctly on a wheel before it is turned. 
The evident cauſe of theſe appearances is in the eye; 
and in the firlt caſe, when we fix our, eye on any 
point of the circle made by the evolution of a lighted 


coal, the illuminated object again returns to that 


point before the ſenſation previouſly produced is 


worn off: and the blending of the colours on a 


wheel is explained in the ame way; for the im- 
preſſion made by one colour remains till the other 
arrives and mixes with it. It is alſo well known, 


that perſons who have the beſt and quickeſt ears 


for muſic cannot judge accurately of more than a 
certain number of notes in a ſecond of time. In- 
numerable facts, indeed, may ſerve to convince us, 
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that the mind cannot well attend to two or more 


ſenſations at the ſame time . Hold your tongue, 
ſaid a Frenchman, you talk ſo I cannot taſte my 


meat. The Frenchman was certainly right ; for 
attention of mind is not Jeſs neceſſary to full 
perception, chan a healthy ſtate of the organ of 
ſenſe. 

All authors are agreed, that our knowledge of 
external objects is entirely acquired through the 
medium of ſenſation, though ſome perſons of the 


| higheſt rank in literature and philoſophy ſtill con- 


tend, againſt Mr. Locke, in favour of the exiſtence 
of certain innate and inſtinctive principles; but if 
I was diſpoſed to enter into the diſpute, this wopld 
not be the proper place. 

The ſenſes are five in number: touch, taſte, 
ſmelling, hearing, and ſight. Of theſe I ſhall en- 
deavour briefly to treat in their order. I have in 
general conſidered it as more conducive to perſpi- 
cuity to ſeparate the anatomical deſcription of the 
organs from the functions to which they are ſubſer. 
vient; but as the organs of ſenſation are ſmall, and 


at the ſame time not much connected with the great 


outlines in the ſtructure of the body; and as the 


The contemptible vanity of Cæſar, in pretending to perform 
ſeveral mental operations at once, proceede] from a real 
ignorance of the human mind. The reply of the juſtly cele- 
brated penſionary De Witt was much more judicious, and 
ought to be impreſled on the mind of all young perſons. On 
þeing aſk2d how he contrived to tranſact ſuch a multiplicity of 
buſinels in the courſe of a day without negle& or diforder, he 


anſwered, „I make it a rule always ge to attend to one objec; 
at a time. oy 


Organs 
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organs of ſome of the ſenſes, particularly that of 
hearing, are complex, and very difficult to be re- 
| tained in the mind, I have, in this inſtance, thought 


it neceſſary to depart from the former arrange- 
ment. | 
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en. AND ITS ORGANS. 


The mſt extenſive of the Senſes —Organs of Touch. — In what 
Manner it enables us to judge of the Qualities of Bodies. — cung 
Man couched ”7 GC beſeldene—Remarks on his C. Laſs 


N order to protect the body from injury, almoſt 
every part of it is ſo formed as to give warn- 
ing to the mind when any thing injurious aſſails it. 
The whole body may therefore, in the moſt exten- 
ſive ſenſe of the word, be deemed an organ of touch. 
The internal parts of che body, however, though 
they are capable of feeling, yet convey no other 
idea but that of pain, and give us no information 
with reſpect to the nature of what is applied to 
them. he whole ſurface of the body is endued 
with a much more extenſive power, and informs us 
of ſeveral qualities of matter; bur the lips, the 
tongue, and, above all, the fingers, afford us the 
moſt accurate information of thoſe qualities of bo- 
dies which are the objects of this ſenſe. 

When the epidermis is removed from the true 
ſkin, we obſerve ſmall obtuſe papillæ, which ſeem 
to be the parts which more particularly receive the 
_ impreſſions of external objects. Theſe papillæ 
are ſomewhat more remarkable in the ſkin at the 
ends of the fingers, and here we may percciye, that 
they have nerves, though from the extreme minute- 
neſs of them they are hardly obſervable. We judge 
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of heat and cold from the object being hotter ar 
colder than our fingers ; of the weight of a body, 
from its degree of preſſure compared with its bulk; 
of i its moiſture, by its coldneſs, or the preſence of 
water; of its ſoftneſs, by its yielding; of its hardneſs, 
by the yielding of the finger; of its figure, by ap- 
plying our hands to its different parts ; of diſtance, 
by compariſon with what we know to be the length 
of the finger, hand, or arm. All our concluſions, 
however, are ſo regulated by previous experience, 
and we fo ſeldom truſt to the evidence of touch 
without alſo calling in the aſſiſtance of viſion, that 
without the latter ſenſe the concluſions drawn from 
the other would be very limited and imperfect. 
Touch is the ſenſe by which we acquire a know- 
ledge of the diſtance of objects, which, independent 
of experience, obtained by means of this ſenſe, is 
not to be diſcovered by viſion. This circumſtance 
vas beautifully illuſtrated in the caſe of a young 
man, as ſtated in Cheſelden's anatomy. This young 
man, born blind, and being ſuddenly enabled to ſee, 
in conſequence of a ſurgical operation, imagined 
that every thing he ſaw touched his eyes, and it 
was only by repeated trials of the diſtance of objects, 
by means of touch, Fat he was 9 to correct 
his error. 

From this fact, however, it is not perfectly evi- 
dent, that an infant, born with all its ſenſes perfect, 
would naturally conclude that the objects of viſion 
touched its 1 25 Might not the young man, from 


The tongue is a more nice teſt of the warmth of a wi 
than the fingers, for we can feel a warmth at the larger end of 
an egg with the tongue, which is not perceptible by the fingers, 


ny | being 
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being ſo accuſtomed to judge of objects by their 
feel, or by applying them to his tongue or noſe, 
have acquired the idea, that nothing could be 
perceived which was not in contact with the 
body ? and thus the concluſion which he drew 
might really depend on the aſſociation of ideas. 


* 
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CAP. XXXVIII. 
TASTE AND ITS ORGANS. 


The Tongue the Organ of T. afte. w—Deſcription of it. — How ſupplied 
with Nerves. 1 of the Tongue.——How 7. my is — 
formed. 


HE tongue has been trendy caſually men- 
tioned as in ſome reſpects a very accurate 
organ of touch; but the ſenſe to which it is more 
particularly ſubſervient is that of taſte. The palate 


is commonly conſidered as the organ of taſte; but 


this is a vulgar error, for unleſs the ſubſtance ap- 
plied to the palate has ſome degree of acrimony, 
no ſenſation whatever is the conſequence. The 
tongue, and more particularly at the point, and the 
ſyperjor and the lateral parts of it, is the true or- 
gan of taſte, The ſkin, with which the tongue is 
covered, is remarkably ſoft and thin, and is conti- 
nually preſerved moiſt and warm. On the ſur- 
face of this ſkin papille, much larger than in any 
other part of the body, and of ſeveral ſorts, are ob- 
ſervable. The firſt kind are few in number, and 
are placed at the back part of the tongue. Theſe 
are ſurrounded with a ſmall furrow, and their form 
1s almoſt that of an inverted cone. They are not 
of a very delicate ſtructure, nor are they much con- 
cerned in taſting. The ſecond kind, which are 
ſmaller and ſofter than the preceding, and into 
which the firſt gradually degenerate, have ſome- 
| what 


412 ' The Tongue [Book IX. 
what cf the form of a muſhroom ; ; they are ſcat- 
tered on the ſuperior ſurface of the tongue, till, be- 
coming more numerous towards its ſides, they are 
there diſtributed in diverging lines. The third 
kind are of a conical form, are mixed with the 
other kinds, and are very generally diſtributed over 
the whole ſuperior part and ſides of the tongue. 
They are endued with a very acute power of ſen- 
ſation, and are the true organs of taſte, Theſe 
conical papille differ greatly in their ſize; and 
ſome of them are extremely minute. On an ac- 
curate examination we allo find ſome filiform pa- 
pillæ placed in the interſtices of the conical. 

Theſe papillæ, beſides being copiouſly ſupplied 
with blood, are alſo furniſhed with nerves, of 
which the tongue receives more, in proportion to 
its bulk, than perhaps any other part of the body, 
'The exhaling arteries, which are numerouſly diſ- 
tributed on the ſurface of the rongue, have no fur- 
ther concern in the ſenſe of taſting, than as they 
help to moiſten and keep the papillæ in a fit ſtate 
to perform their office. On the upper, and towards 
the back part of the tongue, are two or three open- 
ings, which pour out a mucous fluid. The papillæ 
in man are covered with a thin and ſemipellucid 
membrane, which anſwers the purpoſe of an epider- 
mis. In many animals, as thoſe which feed on graſs, 
the tongue is covered with a very rough and thick 
membrane, perforated ſo as to admit the diffolved 
food to the papillæ, which are placed beneath it. 
Under the papillæ is piaced the muſcular ſub- 
. Rance of the tongue. The muſcles, which conſti- 
tute this nn. are ſo numercus, and are ſo con- 

founded 
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founded with each other and with the fat, that the 
moſt diligent anatomiſt is unable to trace the courſe 
of many of thera, By the help of theſe muſcles 
the tongue is moveable in all directions, and may 
be rendered broad, narrow, or hollow, at pleaſure. 
The tongue is very plentifully ſupplied with blood- 
veſſels. 8 | . 
A A-circumſtance univerſally neceſſary to a body 
being taſted is, that it ſhould be diſſolved in the 
ſaliva, and in that ſtate applied to the papillæ. 
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onA. XXXIX. 


$SMELLING, AND ITS ORGANS. 


Final cauſe of this Senſe.— Leſi acute in Man than in ſome other 
Animals. Different alſo from theirt. Deſcription of the Organ. 
of Scent. —Compariſon between this Senſe and that of T afte. 


A one principal uſe of the organs of ſmelling 
is to aſſiſt animals in obtaining proper food, 
and to guard them againſt what is improper, they 
are univerſally placed near the mouth. The or- 


gans of ſmell differ, like thoſe of the other ſenſes, 


according to the deſtination of the animals to which 
they belong. This ſenſe in man is far leſs acute 
than that of many other animals; thus, the dog 
poſſeſſes a power of ſmelling, of which we can 
ſcarcely form a conception, and which we happily 
do not poſſeſs. Birds of prey, however, are ſaid to 
have the ſenſe of ſmelling ſtill more acute than dogs. 
The ſenſe of ſmelling in man is ſuch as to fit him 
for deriving enjoyment from a diverſity of ſcents, 
particularly thoſe of flowers, to which dogs and 
other animals, which do not feed on herbs, ſeem 
quite inſenſible. 

The organ of ſmell is a ſoft, vaſcular, porous 
membrane, furniſhed with papillæ, which is ſpread 
on the internal ſurface of the noſtrils. On this 
membrane are diſtributed a great number of nervous 

fibres, which proceed chiefly from the firſt pair of 
_ nerves, and which paſs through the ethmoid bone. 
| From 
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Froin the extreme tenuity of the epidermis, which 
involves the nerves and blood-veſlels in this mem- 
brane, hemorrhage from the noſe is more frequent 
than from any other part of the body. | 

In order to render this ſenſe more acute, the in- 
ternal cavity of the noſe is variouſly contorted, and 


enlarged by a communication with ſeveral adjoin- 


ing cavities, ſo as to increaſe very much the ſurface 


on which the ſentient membrane is diſtributed. The 
cavities with which the noſtril communicates are 


called finuſes; theſe are the frontal, which is ſeated 
in the frontal bone under the eye-brows; the eth- 
moid, which is a ſpongy cavity in the ethmoid 
bone; and the maxillary, which is chiefly formed in 
the maxillary bone, and lies immediately above the 
double teeth of the upper jaw. In animals, which 
ſmell more acutely, theſe proviſions for enlarging 


the internal ſurface of the noſtril are ſtill more re- 


markable. | 
The membrane of the noſe is defended and moiſ- 
tened by a viſcid mucus; and ſo neceſſary is this to 
ſmelling, that when it is deficient, this ſenſe is always 
imperfect. The noſtrils are furniſhed with muſcles, 
by which they are dilated, when, in order to diſtin- 
guiſh ſcents more accurately, we draw in a large 
quantity of air. A conſiderable difference between 
ſmelling and taſting is, that the former is only acted 
on by the inviſible effluvia of bodies which float in 
the air, the latter, by matter more condenſed and 
viſible. There ſeems, however, to be a greater 


ſimilitude between taſting and ſmelling than between 


any two of the other ſenſes ; and when either of 
them is injured the other commonly ſuffers with it. 
c HAP, 
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HEARING, AND ITS ORGANS, 


| bern of the Ear. 8 Strufture of this Organ fer- 
conveying and echoing Sound. Manner in wwhich the Pulſes of 
Air are conveyed to the Ear.—Communication by the Euftachian 
Tube.—Reaſon why Perſons abb liſten attentively open their 
Mouths.==The Membrana T ympani probably the great Inflrument 
of hearing. 


8 by the ſenſe of ſmelling we diftinguiſh 
L certain particles floating in the air; ſo by 
that of hearing we diſcover the motions and vi- 
brations of the air itſelf. The parts of the ear 
are diſtinguiſhed into external and internal. The 
former of theſe diviſions comprehends all thoſe 
parts which we are able to obſerve without dif- 
ſection, and which are ſeparated from thoſe of the 
internal ear by the membrana tympani, improperly 
called the drum of the ear, as it is only a mem- 
brane ſtretched before the entrance of the cavity 
which is properly the ear. The external ear, which 
from its reſemblance to a certain ſea-ſhell is called 
concba, is a cartilaginous funnel of an irregular oval 
form, moveably connected to the head by liga- 
ments, muſcles, and cellular ſubſtance. The muſ- 
cles with which the ear is furniſned, and which are 
much employed by quadrupeds, are of Irtcle or no 

uſe to man. 
Different parts of the external ear are known 
by different names; its upper cartilaginous part is 
called 
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called the ala or wing, to diſtinguiſh it from the ſoft 


and pendent part below, called the lobe; its outer 
border or circle is called the helix, and the ſemi- 
circle within this, the antibelix. The moveable 


cartilage, placed immediately before the opening of 


the ear, is named the tragus, and an eminence op- 
poſite to this, at the extremity of tlie antibelix, is 
called the antitragus. The concha, becoming nar- 
rower, terminates in the meatus auditorius externus, 


the external auditory canal. Into this are conti- 


nued the cutis and epidermis, which, as they. enter 
it, become much thinner and more ſenſible, and are 
furniſhed with minute hairs, by which warning is 


given when. any inſect has found admittance, or 


when any injurious ſubſfance requires to be re- 


moved. This paſſage, and the membrana tym 


pani, by which it is terminated, are moiſtened by a 
viſcid ſecretion called the wax, which by ſtagnation 
becomes hard, and, when neglected, ſometimes ac- 
cumulates to ſuch a degree as to occaſion deafneſs. 

If we were to examine All nature for a contrivance 
proper for augmenting and echoing ſounds with the 
utmolt force and the greateſt exactneſs, we ſhould 


find the ear beſt formed for theſe purpoſes ; by 


its admirable ſtructure it receives ſounds of all 


kinds, admits the greateſt quantity in the ſmalleſt 


ſpace, and echoes each back without confuſion, 
The external ear in different quadrupeds is dif- 
ferently framed, but always adapted to the crea- 
ture's manner of life. In ſhape it commonly reſem- 
bles the oblique ſection of a cone from near the apex 
to the baſis. Hares, and ſuch other animals as are 


daily expoſed to injuries from beaſts of * large 
Vor. „FV ears 
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ears directed backwards, their eye warning the 
any danger before ; rapacious animals, on the other 
hand, have their ears placed directly forwards, as 
we ſee in the lion, cat, &c. The flow hounds, 
and other animals that are deſigned to hear moſt 
diſtinctly the ſounds coming from below, have their 
ears hanging downwards, or their ears are flexible, 
becauſe they move their head for the moſt part 
with greater difficulty than man. Man again, who 
muſt equally hear ſounds coming from all quar- 
ters, but eſpecially ſuch as are ſent from about his 
own height, has his external ear placed in a vertical 
manner, ſomewhat turned forward. In ſhort, 
| wherever we ſee a peculiarity in the make of this or- 
gan in any creature, we ſhall, with very little re- 
flection, diſcover this form to be more convenient 
for that creature than another. The animal alfo 
has the power of directing the cone of the ear to 
the ſonorous body without moving the head “. 
The membrana tympani is a membrane con- 
fiſting of ſeveral laminæ. Externally there is the 
epidermis, under this the vaſcular cutis, and, laſtly, 
a dry, elaſtic, ſhining, and pellucid ſubſtance. 
Theſe laminæ are connected by their cellular ſub- 
ſtance. The membrana tympani is never naturally 
perforated, and the paſſage of ſmoke from the 
mouth through the external ear, mentioned by ſome 
authors 7, is fabulous, except, perhaps, in ſome 
caſes, where a perforation had been accidentally 
made by violence or diſeaſe. By the action of 
particular muſcles, the membrana tympani is pre- 


EY Monro on Comparative Anatomy. 
+ By Dr. Goldſmith in particular. | 
1 85 ſerved 


Chap. 40. Drum of the Ear. 419 
ſerved in a degree of tenſion fit for receiving the 
impreſſions of the air. Under it runs a branch 
of the fifth pair of nerves, called the chorda 
tympani. 

The membrana tympani is | ſtretched before a 
 roundiſh cavity of the os petroſum, hence called 
the tympanum or drum, and which is about ſeven 
or eight lines wide, and half as many in depth. 
This cavity is increaſed in the adult by a com- 
munication with the cells of the maſtoid proceſs, 
which do not exiſt in the foetus. Within, the 
tympanum is lined by a moiſt and vaſcular mem- 
brane, The tympanum communicates with the 
cavity of the fauces, by means of the meatus audi- 
torius internus, or Euſtachian tube. This canal, 
which is partly bony and partly cartilaginous, be- 
gins by a very narrow opening at the anterior and 
almoſt ſuperior part of the tympanum, increaſing 
in ſize as it advances towards the cavity of the 
fauces, where it terminates by an n opening be- 
hind the noſtrils. 

Within the tympanum are lodged the little 
bones of the ear, which are four in number, and 
from their form have received the following names. 
1. The malleus or hammer. 2. The incus or 
anvil. 3. The roundiſh or oval bone. 4. The 
ſtapes or ſtirrup. 

The body of the malleus is placed in the upper 
part of the tympanum, and a long proceſs, called 
the handle, deſcends between the lamine of the 
membrana tympani, where it is accurately fixed. 
It is articulated with the ineus by means of two 
2 8 and a furrow between them. 
| Ee a The 
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The incus, which conſiſts of a body and two legs, 
and 1s not unlike a tooth with a double root, exceeds 
the other little bones of the ear in ſize and ſtrength. | 
Its body is connected with the malleus ; its ſhorter 
leg is placed at the entrance of the canal, which 
leads to the cells of the maſtoid proceſs; its longer 
leg takes the ſame direction with the handle of 
the malleus, to which it 1s attached by a ligament, 
and being bent inwards at its termination, receives 
the ſmall oval bone, and by means of this is united 
to'the ſtapes. 
The reſemblance of the apes to a ſtirrup is fo 

ſtrong, that it can ſcarcely eſcape obſervation. Its 
head, which is formed by the union of its two legs, 
is hollowed for the reception of the little oval bone 
which connects it with the longer leg of the incus. 
The two legs of the [tapes are bent nearly into a 
circle, and where they unite at the baſis, cover the 
feneſtra ovalis. The ſtapes is ſituated in a part of 
the tympanum, ſeparated from the other parts by a 
particular membrane. ; 

The ſtapes and malleus are each of them furniſhed 
with a little muſcle, called, from the bones to which 
they belong, ſtapedius and tenſor tympani. The 
firſt of theſe, which is the ſmalleſt diſtin muſcle © 
in the body, ariſes ſrom a little cavity at the poſ- 
terior and upper part of the cavity of the tympa- 
num, and its tendon is inſerted at the back part of 

the head of the ſtapes. This muſcle, which draws 
the ſtapes obliquely upwards, aſſiſts in ſtretching the 
membrana tympani. The other muſcle is more 
remarkable, and as it operates like the former in 
ſtretching the membrana tympani, has more parti. 
| cularly 
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cularly obtained the name of tenſor tympani, It 
ariſes from the cartilaginous extremity of the 
Euſtachian tube, and is inſerted into the back part 
of the handle of the malleus, which it helps to pull 
inwards, and by that means to ſtretch the membrana 
tympani, 

That part ol the ear which is ſituated behind the 
tympanum is called the labyrinth. The labyrinth 
is ſeparated from the tympanum by a bony partition, 
and only communicates with it by means of two 


openings of nearly equal fize, one of which is the | 


feneſtra ovalis, which is ſhut by the baſis of the 
ſtapes, the other the feneſtra rotunda, which is 


cloſed by a continuation of the membrane which 


lines the cavity of the tympanum. 

In the labyrinth of the ear are ſituated the veſ- 
ribule, the three ſemi-circular canals, and the 
cochlea, | | 

The veſtibule or porch i is a Cavity of an irregu- 
lar roundiſh form, ang is placed nearly in the center 
of the os petroſum, between the tympanum, the 
ſemicircular canals, and che cochlea, It is open on 
the ſide of the tympanum by means of the feneſtra 
ovalis, and communicates with the upper portion of 
the cochlea by an oblong foramen, which is under 


the feneſtra ovalis, from which it is ſeparated only 


by a very thin partition. 

The ſemicircular canals-in the infant are formed 
of a diſtin& bony ſhell, but in the adult coaleſce 
with the firm os petroſurn, and are three in number, 
They form rather more than ſemicircles, and open 
at both ends into the veſtibule. Only five open- 
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422 Strufture of the Ear. [Book IX, 
ings, however, are obſerved, ſince two of the canals 
are united at one termination. 

The cochlea, ſo called from its reſemblance to 
the ſhell of a ſnail, is formed by a conical nucleus 
and circumvolutions of thin bony lamellæ, which 
perform two complete circles and an half before 
they terminate at the apex. The canal of the 
cochlea is divided by a ſeptum into two parts, 
which are called the ſcalæ; of theſe one hegins from 
the feneſtra rotunda, and is called the ſcala tympani, 
the other from the veſtibule, and is called the ſcala 
veſtibuli. The ſeptum, which divides the ſcale 
from each other, is partly bony and partly mem- 
branous; it is deficient at the apex of the cochlea, 
- where the cavities of the ſcalæ communicate. The 
bony lamella which ſeparates the two canals is ex- 
ceedingly thin, and fills about two-thirds of the 
diameter of the canal. The reſt of the ſeptum is 
compoſed of a moſt delicate membrane, which lines 
the whole internal ſurface of the cochlea. The 
portio mollis of the ſeventh pair of nerves furniſhes - 
a film of medullary matter 'to the whole internal 
ſurface of the veſtibule, the ſemicircular canals; 
and the cochlea. Every part of the labyrinth is alſo 

| ſupplied with an aqueous exudation, which is ſup- 
poſed to receive and propagate to the nerves the 
vibratory motions imparted by the air. When 
this fluid is collected in too great quantity, or is 
_ compreſſed by the ſtapes, it is ſuppoſed to eſcape 
through two minute canals or aqueducts, lately 
deſcribed by Dr. Cotunni, a phyſician of Naples. 
One of the aqueducts opens into the bottom of th 
veſtibulum , and the eber into the cochlea, near the 


1 | „ feneſtra 


Chap. 40.] Why deaf Perſons open their Mouths. 423 
feneſtra rotunda. They both paſs through the os 
petroſum, and communicate with the cranium ; 
they are lined with a membrane, which is ſuppoſed 
to be a production of the dura mater. 

The manner in which ſound is propagated by 
pulſes or undulations of the air has been fully, and, 
I truſt, clearly explained in a preceding part of this 


work *; and from what has been now ſtated it will 
appear, that the ear is an organ admirably adapted 


for che reception of theſe impreſſions. Sound is, 


however, not merely conveyed by the external ca- 


vity of the ear; bur by means of the Euſtachian 
tube, the air finds admittance to the cavity of the 


tympanum, and the effect of the vibrating air, en- 


tering the mouth, may be conveyed to the ear. 
Hence we perceive the reaſon why perſons who 
' Iiſten very attentively, and perſons affected with par- 
tial deafneſs, open their mouths. When we breathe; 
the air received by this paſſage preſſes the mem- 
brana tympant outwards, and when we make a 
very full inſpiration, as in yawning, this happens to 
ſuch a degree as to prevent the impreſſion of ſounds 
from without, and occaſions a temporary deafneſs. 

Notwithſtanding the labour of anatomiſts in 
tracing the intricate, ſingular, and very curious 
ſtructure of the ear, they have never been able to 
diſcover the peculiar uſes to which all the ſeveral 


parts are ſubſervient. That the concha is deſigned 
to catch and reverberate to the auditory tube the 


vibrations of the air we are certain, from the ana- 
logous effect of a ſimilar organ, the ear-trumpet. 
* he membrana tymipatil, and the little bones of the 


| ® See book v. a 10. 
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ear, are ſaid to have been cer, by diſeaſe, 
without depriving the patient of hearing. I cannot, 
however, ſuppoſe, that any part of the ear is unne- 
ceſſary. It therefore ſcems reaſonable to believe, 
that the membrana tympani, which is ſtretched 
acroſs the paſſage to which the vibrations of the air 
are directed, is deſigned to receive them, for which 
uſe, by its elaſtic nature, it is admirably fitted. The 
malleus is attached to the membrana tympani, the 
incus to the malleus; the oval bone connects one 
leg of the incus to the head of the ſtapes, and tlie 
balis of the latter bone preſſes on the feneſtra ovalis, 
From this ſtructure we can ſcarcely draw any ꝓther 
concluſion, than that the tremulous motion excited 
in the membrana tympani by the impreſſions of the 
air are propagated through the contents of the 
tympanum, and imparted to thoſe of the laby- 
rinth, which are lined with a delicate nervous film, 
on. which they may operate ſo as to produce the 
ideas of ſound, When, however, we contemplate 
the various parts of the labyrinth, we cannot aſſign 
any reaſon for ſo complex a ſtructure, and can only 
. admure it as one of the wonders of creation. The 
analogy of other animals, indeed, inſtructs us in one 
particular, viz. that the cochlea is not eſſential to 
hearing, ſince birds and fiſh hear accurately without 
this part; but why it is not eſſential remains ſtill a 
queſtion. 

To confeſs, however, that we are ignorant of the 
means by which we perceive ſounds, is not more 
humble than we muſt alſo be with reſpect to the 
information derived from the other ſenſes. Why a 
particular ect affects our ſenſes in a particular 


manner ? 
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manner, is. concealed from us by circumſtances 
which our underſtandings cannot diſcover. As 
objects appear green when ſeen through a green 
glaſs, ſo is every object modified by the medium of 
the ſenſes. 
It is natural, however, to the human W to * 
deſirous of perceiving things as they really are, and 
this may be an enjoyment provided for us in a future 


ſtate, when we may regard the earth merely as a 


planet, and the ſun as a fixed ſtar; and when the 
mind, liberated from the fetters of the body, and 
endued with new faculties, may at once contract its 
attention to the laws which regulate the exiſtence of 
the minuteſt animal, and extend its views to the 
comprehenſion of * the vaſt bodies which conſtitute 
the ſolar e 
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HE eyes, thoſe exquiſite organs which raiſe 

the perceptive powers of the mind to fome 
compariſon with thoſe of ſuperior beings, and which 
in an inſtant of time admit impreſſions from an al- 
moſt infinite variety of objects, are in their ſtructure 
extremely ſimple. They are ſituated in thoſe two 
cavities, the orbits, which afford them Protection 
from a great variety of external injuries, and 
contain a quantity of fat, which anſwers the pur- 
poſe of a ſoft cuſhion, on which they may reſt, 
and perform their different motions with eaſe and 
ſafety. The globe of the eye is immediately co- 
vered by the eyelids, which are continuations of the 
common integuments of the body, doubled inwards, 
and attached to the eye, by which they produce 
what is called the tunica conjunctiva. Where the 
two eyelids are united together, they form the canthi, 
or angles of the eyes; that next the noſe is called 
the internal large or inferior angle; the other, on 


the 
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the contrary, which is next the temples, is called 
the external ſmall or ſuperior angle. The edges 
of both eyelids are furniſhed with rims of cartilage 
called the tarſi; on the margins of theſe, which are 
called ciliary edges, are fituated ſebacious glands, 
vhich diſcharge an oily fluid for the purpoſe of pre- 
yenting adheſion. The ciliary edges of the tarſi 
are furniſhed with eye-laſhes. The chief uſe of theſe 
ſeems) to be, to prevent duſt,” and other matters 
floating in the eee from falling into _ 
eyes. 

: At the indent angle of the eye is ſituated the 
caruncula lachrymalis, which is a ſmall reddiſn ob- 
long body. This ſubſtance ſeems to be glandular. 
By the aid of a microſcope we obſerve upon it a 
great number of ſmall hairs, covered by an oily 
yellowiſh matter. On the globe of the eye, near 
this glandular body, is a ſemilunar fold formed by 
the membrana- conjunctiva. This fold, which is 
called the membrana ſemilunaris, is ſhaped like a 
cteſcent, the wo points of which anſwer to the 
puncta lachrymalia, which are the beginnings of a 
canal terminating in the cavity of the noſtrils, 

The ſurface of the eye is conſtantly moiſtened 
by a very fine limpid fluid, called the tears, which is 
chiefly, and perhaps wholly, derived from a gland, 
ſituated in a ſmall depreſſion of the os frontis, near 
the external angle of the eye. Its excretory ducts 
pierce the tunica conjunctiva Juſt above the carti- 
laginous borders of the upper eyelids. As this 
fluid enters the eye at the ſuperior angle, it naturally 
deſcends towards the inferior, and is alſo frequently 
ger over the f urface of * eye by the motion of 


the 


4 


5 
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the eyelids, When it arrives, aſter thus having 
waſhed the eye, at the internal angle, it is conducted 
by the membrana ſemilunaris into the puncta lachry- 
malia, which lead into the ſacchus lachrymalis, n 
which it is ultimately diſcharged into the noſer: 
When the eye is irricated by any extraneous ab. 
ſtance, the tears are diſcharged in greater quantity, 
and thus ſerve as a defence; to this tender organ, 
and ſometimes waſh away the cauſe of irritation, or 
facilitate its removal. AﬀecCtions of the mind alſo 
ſometimes occaſion an increaſed flow of tears; the 
efficient cauſe of this connection we cannot trace, 
but che final cauſe ſeems to be to excite ſympathy, 
and urge the unfecling heart to acts of W and 
re. . | 
The ball- of the. eye is a caſe of a globular form, 
1 conſiſts of three coats, an external one called 
the ſclerotica, which is white and gliſtening like the 
tendon of a muſcle; an intermediate one, abound- 
ing with blood · veſſels, called the choroides; and 
an internal coat, called the retina, which is an ez- 
tremely tender film or network, formed by the 
expanſion of the optic nerve. This deſcription, 
however, applies only to the poſterior and lateral 
parts of the eye, for at the fore part of thè eye, in- 
ſtead of the opake tunica ſclerotica, we obſerve a pro- 
jecting tranſparent circular part, continued from the 
ſclerotica, which from its ſubſtance being tranſpa- 
rent like horn, is called the cornea. This portion is 
ſomewhat more convex than the ſclerotica, and re- 
preſents the ſegment of a ſmall ſphere added to the 
ſegment of a greater, or, to expreſs the ſame idea 
in more familiar language, it may be conſidered as 
reſembling 
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reſembling a convex watch-glaſi, fixed on the _ 
convex ſurface of a watch caſe. 

The tunica choroides extends from the back part 
of the eye as far as the termination of the ſclero- 


tica, where it-is firmly connected by means of a 


white ring projecting inwards, and called the ciliary 


circle or ligament. From this edge proceeds a very 
fine weblike membrane or curtain, called the iris. 
Its difference of colour in different perſons is a mat- 


ter of common obſervation. In the middle of the 
iris is an opening which always appears black, and 
which is rendered narrower or wider by the contrac- 
tile powers of the iris. This opening is called the 
pupil, through which the rays of light are admitted 
to the internal parts of the eye. 


The tunica c horoides is deſcribed by ſome authors 


as conſiſting of two laminæ. This deſcription, 
however, applies much better to the eyes of ſome 
animals, particularly to thoſe of ſheep, than to thoſe 
of man. Thoſe who ſuppoſe the choroides to con- 
ſiſt of two lamine, deſcribe the external one as 


__ terminating at the ciliary ligament, and the internal 
one as extending further to form the iris. The iris 


itſelf is deſcribed as conſiſting of two lamine, and it 
1s very certain that two ſets of fibres may be ob- 
ſerved. Theſe are ſuppoſed to be muſcular, and 
from the mobility of the iris there ſeems no reaſon 
to doubt of their being really ſo. Some of the 
fibres are orbicular, and lie round the pupil ; others 
arg ſtrait, and extend from the circumference of the 
iris to its center. The iris has motions of ſuch a 


nature, that the pupil is contracted on the approach | 


of a PW light, and is dilated in proportion as the 
17 | hghe 
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430 The Iris and Pupil. [Book IX, 
light is leſs vivid. By this admirable yet ſimple 

contrivance, the eye adapts itſelf to the different 
proportions of light to which it is expoſed. If the 
pupil was always as much contracted as it is when 
expoſed to the light of noon day, a weaker light, 
ſuch as that of the moon, could not be admitted with 
ſufficient freedom to anſwer any uſeful purpoſe. On 
the contrary, if the pupil was immoveably dilated, 
we might take advantage of the ſcattered rays of 
light, but ſhould be diſtreſſed and blinded by the 
glorious effulgence of the ſun. When a ſtrong 
light ſucceeds to darkneſs, we are under a neceſſity. 
of cloſing the eye-lids, or of turning away the head, 
till the pupil has been accommodated to the Tlange 
by the contractile powers of the iris. 

The choroid coat is internally covered with 2 
ſlimy ſubſtance of a dark colour, called the pigmen- 
tum nigrum. The epithet black, however, is not 
deſcriptive of this ſubſtance in every race of animals. 
On the contrary, in the ferret the pigmentum is 
white, and this circumſtance enables that animal to 
ſee in the dark, a faculty well adapted to its habits 

and mode of life. In man, diſtin& viſion in a full 
light is a more uſeful quality than tie power of diſ- 
tinguiſhing objects where the light of day is excluded. 
The reaſon, therefore, of the black colour of the pig- 
mentum is, probably, that thoſe rays which paſs the 
retina, which is a fibrous ſubſtance, may be abſorbed, 
whereas, when it is of a light colour, many of them 
are reflected and ſtrike the retina, thus increaſing 
the power of viſion where there is a deficiency of 
light, but producing too great an effulgence and 
Shae 1 in ordinary caſes. This reflection is very ob- 
| vious 
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vious in the degree of illumination which proceeds 


from the eyes of a cat in a dark place v. 


The poſterior part of the iris is of the colour of 


a grape, and was therefore by the ancients called 
the uvea. The eye being, therefore, every where 


provided within, except at the entrance of the optic 


nerve, with a lining of a dark colour, becomes a 


camera obſcura, and the light which is admitted 


through the pupil, and paſſes to the bottom of the 
eye, is not difturbed with light reflected from other 
ſurfaces. 1 

The ball of the eye is filled with three ſubanees, 
which differ from each other in conſiſtence, but are 
all called humours of the eye; they are the vitreous, 


the cryſtalline, and the aqueous. See plate * 


fig. 1, and 2. 


The vitreous humour was fo called from a ſup- 


oel reſemblance to melted glaſs; it is a clear and 
gelatinous fluid, very much reſembling the white of 
an egg. It fills about three-fourths of the globe of 

the eye, and extends from the poſterior part of the 


eye as far as the ciliary ligament. It is contained 5 


in a fine tranſparent capſule or membrane, and being 
dexterouſly removed from the globe of the eye, 
preſerves its conſiſtence for ſome time, being ſup- 
ported by its capſule, but afterwards runs off, and 
the capſule ſhrinks by degrees. The thin capſule 
which ſurrounds the vitreous humour ſends off 
a number of membranous proceſſes into the vitreous 
ſubſtance, where they form cells, which communi- 
cate with each other, and afford a greater W of 
firmneſs and tenacity to the whole maſs. 


bo Hunter on the pigmentum of the ere. See his Animal | 
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432 Humours of the Eye. [Book IX. 
The anterior part of the vitreous humour is ex- 
cavated for the reception of the cryſtalline. This 
body has the conſiſtence of very firm jelly, and 
has the form of a lens more convex behind than 
before. It is moſt properly denominated the cryſ- 
talline lens, and is inveſted with a capſule, which is 
derived from that of the vitreous humour, or at leaſt 
connected with it. Steno obſerved, that the lens 
| was compoſed of concentric lamellæ, and Zinn has 
| | diſcovered radiated ſtreaks of a pearl colour, di- 
viding it into little triangles. The colour and con- 
ſiſtence of the cryſtalline humour varies at different 
ages. Till the age of thirty it is very tranſparent, 
and almoſt without any colour. Tt afterwards be- 

comes yellowiſh, and that yellowneſs gradually in- 
1 cCreaſes. Till the age of twenty the conſiſtence of 
1 | the lens is generally uniform throughout; from this 
. time it becomes hardeſt in the middle, and this hard- 
neſs gradually increaſes, and extends towards the 
ſurface *. | 

The fore part of the eye is filled by a fluid tranſ- 

parent like the others, but as thin as water, and it is 

therefore called aqueous; this occupies all the ſpace 

between the cryſtalline lens and the prominent cor- 

nea. The iris floats looſely in this fluid, and divides 


[| 
| 
| 
F- 


| * The cryſtalline lens in fiſh is completely ſpherical, and is 
| | more denſe than in terreſtrial animals. This difference is to 
be accounted for from the different refractive power of the me- 
dium in which they live. The rays of light, in paſſing out of 
one medium into another, undergo a refraction proportioned te 
the difference of their denſities. As water, therefore, is a more 
denſe medium than air, the eyes of ſuch animals as inhabit the 
former mult have a greater refractive power than thoſe which 
: you 5 in the latter, for the * of diſtin& en 
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it into two parts called chambers, which commu- 
nicate with each other through the pupil. The 
poſterior chamber is that ſpace contained between 
-..the poſterior ſurface of the iris and the lens ; the 
anterior is that between the anterior part of the iris 
and the cornea. 


The eye. receives its blood from the internal ca- 


rotid artery. The optic nerve does not enter it 
immediately behind the pupil at its poſterior part, 
but rather towards the noſe, ſo that the diſtance 
between the pupil and optic nerve is greater when 
meaſured round the external ſide of the eye next 
the forehead, than when the internal ſurface is mea- 
ſured next the noſe. At that part of the eye where 


the optic nerve enters, no ſenſe of viſion can be ex 


cited. 
The muſcles of = eye have been already Sho 


ſcribed in another part of the work. For the human 


eye, ſee Plate XV. Fig. 1, and 2. | 

The father of the preſent Dr. Monro, of Edin- 
| burgh, has publiſhed, in his comparative anatomy, 
ſome excellent remarks on the variety in the eyes of 
diffarent animals, than which no more ſtriking in- 


ſtance can be produced of the wiſdom and deſign 


which pervades creation. 

<All quadrupeds have, he obſerves, at the inter 
canthus of the eye, a ſtrong firm membrane with a 
cartilaginous edge, which may be made to cover ſome 
part of their eye; and this is greater or leſs in different 
animals, as their eyes are more or leſs expoſed to 
dangers in ſearching after their food. This mem- 
brana niftitans, as it is called, is however not very 
large in alſheſe animals. Cows and horſes have it 
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434 Peculiarities in the Eyes Book IX. 


ſo large as to cover one half of the eye like a cur- 
tain, and at the ſame time it is tranſparent enough 
to allow abundance of the rays of light to paſs 


through it. Fiſhes have a cuticle always over their 


eyes, as they are ever in danger in that inconſtant 
element, the water. In this therefore we may ob- _ 
ſerve a ſort of gradation. 

© All quadrupeds have a ſeventh muſcle belonging 
to the eye, called /uſpenſorins. It. ſurrounds almoſt 
the whole optic nerve, and is fixed into the fclerotic 
coat as the others are. Its uſe 1s to ſuſtain the 
weight of the globe of the eye, and to prevent the 


optic nerve from being too much ſtretched, without 
obliging the four ſtraight muſcles to be in a conti- 


nual contraction, which would be inconvenient: at 
the ſame time this muſcle may be brought to aſſiſt 


any of the other four, by cauſing one particular por- 
tion of it to act at a time. 


© The next thing to be remarked is the figure of 
the pupil,- which is different in different animals, 
but always exactly accommodated to the creature's 
way of life, as well as to the different ſpecies of 
objects that are viewed. Man has it circular, for 
obvious reaſons : an ox has it oval, with the longeſt _ 
diameter placed tranſverſely, to take in a larger 
view of his food: cats, again, have theirs likewiſe | 
oval, but the longeſt diameter placed perpendicu- 


larly; they can either exclude a bright light altoge- 


ther, or admit only as much as is neceſſary. The 
pupil of different animals varies in wideneſs, ac- 
cording as the internal organs of viſion, are more or 
leſs acute: thus cats and owls, who ſeek their prey 
in the night, or in dark 1 (and 9 

2 mut 


C hap. 41.] of different Animals. „5 "ods 
muſt have their eyes ſo formed as that a few rays of 
light may make a lively impreſſion on the retina), 
have their pupils in the day- time contracted into a 
very narrow ſpace, as a great number of rays would 
oppreſs their nice organs; while in the night, or 
where the light is faint, they open the pupil, and 
very fully admit the rays. In the ſame way, when 
the retina is inflamed, a great number of rays of light 
would occaſion a painful ſenſation ; therefore the 
pupil is contracted : on the contrary, in dying peo- 
ple, or in a beginning amauroſis, it is generally di- 
lated, as the eyes on ſuch occaſions are very dif- 
ficultly affected, and in ſome meaſur 
See Plate XV. Fig. 3, 4» 5. 
© The poſterior part of the choroid coat, which is 
called tapetum, is of different colours in different 
creatures. For oxen, feeding moſtly on graſs, have 
this membrane of a green colour, that it may reflect 
upon the retina all the rays of light which come 
from che objects of that colour, while other rays are 
abſorbed: thus the animal ſees its food better than 
it does other objects. Cats and owls have their 
tapetum of a whitiſh colour; and for the ſame rea- 
ſons have the pupil very dilatable, and their or- 
gans of viſion acute : and we ſhall find, that all ani- 
mals ſee more or leſs diſtinctly in the dark, accord- 
ing as their tapetum approaches nearer to white or 
black colour. Thus dogs; who have it of a greyiſh 
colour, diſtinguiſh objects better in tlie night than 
man, whoſe tapetum is dark brown, and who, 
I believe, ſces worſt in the dark of any creature; 
it being originally deſigned that he ſhould reſt from 
all kinds of employment in the night- time. The 
difference then of the colour of the tapetum, as 
* Ff 3 . indeed 
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os Ay. thaw 
indeed the fabric of any other part in different crea- 
as 
tures, always depends on ſome partieular advantage 4 
[1 © accruing to the animal in its peculiar manner 'of life | 
| 2 from this ſingularity®,” TT 
| It was geceſſary, in a former part of this work, to 
notice the ſubject of viſion, in deſcribing the effects 
> i and phenomena of light f. The eye was then 
maentioned as a mere optical inſtrument, but after 
| We: - particular deſcription of that organ, which has 
now been given, a more particular inveſtigation of 
| el fight ſeems to be required ; and ſhould 
the reader” find any thing like repetition in what 
vill now be ſubmitted to him, his candour will, I 
doubt not, pronounce my apology for endeavouring 
to render as clear as poſſible a ſubject which is at 
once goth important and difficule” o be under- 
It b been ſufficiently ca that SEW every 
point of a viſible object the rays, or rather pencils, 
of light are emitted or reflected in every direction; 
but to produce viſion, it is neceſſary that they ſhould 
be condenſed or converged to ſuch a point as to 
F i make a forcible impreffion on the retina. Thus 
Fu © from the luminous body A (Fig. 6.) the rays 
3 * „ are ſent in various directions. Thoſe , 
Which fall upon the tranſparent cornea C C are 
there refracted in ſuch a manner as to enter the pu- 
pil at p, and in pafſing the cryſtalline lens or hu- 
mour they ſuffer a ſecond refraction, and age con- 1 
3 verged to a point or. focus at the point a on the 
; retina. Now it is n if the 28 ee | 
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| Chap. 41 5 Sight, 7 on 
have paſſed the humours of the eye in their natural 


direction, that is in the direction of the cone or 
pyramid C, A, C, they would have made upon 


the retina a very extenſive but feeble impreſſion, 
ſuch as we know by experience could not produce 
diſtin& viſion ; to obviate this it is appointed by 


the all-wiſe author of our exiſtence, ' that by the 


force of the refraction which they ſuffer in the eye, 


they ſhould form another cone oppoſed to the 
firſt at its baſe, and the apex of- which is at a, and 


thus an impreſſion ſufficiently forcible to produce 


diſtinct viſion is made on the retina. 
In the preceding inſtance, the luminous body A 


was conſidered as a point, and what has been ſaid 


of it will apply to every point of a viſible object, 
which is capable of tranſmitting or reflecting to the 
eye a pencil or collection of rays. Thus we 
may eaſily ſuppoſe that from every point of the 
arrow A, D, B, (Fig. 7.) pencils of light may be 
tranſmitted ; theſe, like all pencils or collections of 
rays coming from a point, will diverge, and will fall 


upon the eye in the form of cones or pyramids, ſuch - | 


as A, M, C. from the point A; D, e, i from the point 


D; and B, C, N. from the point B. If the eye, 


therefore, is in a proper ſtate, the divergent rays pro- 
ceeding from the point D will be united together 
into one pencil or maſs, ſuch as they were when 
they firſt proceeded from the object, at the point 4, 
upon the retina; the divergent rays, which fall 
more obliquely from the point A, will be united 
on the retina at the point a; and thoſe which pro- 


ceeded from B will, by the ſame rule, be converged 


and meet at . Hence it is evident, that by means 
| 1 3 0 
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8 Of Sight. [Book IX. 
of this refraction there are certain points at which 
the rays of light, after paſſing the pupil, croſs each 
other, and the image which is formed on the em 
is conſequently inverted. 

If the humours of the eye, through age or 
weakneſs, have ſhrunk or decayed, the cornea. will 
then be too flat, and the rays not being ſufficiently 
bent or refracted, arrive at the retina before they are 
united in a'tocus, and would meet, if not intercepted 
in ſome place behind it, as in Plate XVI. Fig. 8. 
They therefore do not make an impreſſion ſuf- 
ficiently forcible, but form an indiſtinct picture on 
the bottom of the eye, and exhibit the object in a 
confuſed and imperfect manner. This defect of 
the eye is therefore remedied by a double convex 
lens, ſuch as the common ſpectacle glaſſes, which, 


by cauſing the rays to converge ſooner than they 
otherwiſe would, afford that aid to this defect of na- 


ture which the circumſtances of the caſe may re- 


quire, the convexity of the glaſs being always pro- 
portioned to the deficiency in viſion. 
If, on the contrary, the cornea, is too convex, : 
the rays will unite in a focus before their arrival 
at the retina, as in fig. 9, and the image will alſo 
be indiſtinct. This defect is remedied by con- 
cave glaſſes, which cauſe the rays to diverge, 
and conſequently, by being properly adapted to 
the caſe, will enable the eye to form the 1 image in 
its proper place. | 

As the direction in which the rays croſs each 
other bears a due proportion to the angle i in which 
they are franſmitted from the object to the eye, it 
is evident that the image formed upon the m 

4 * 0 
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3 > will be proportioned to the apparent magnitude ; ; 
and thus we have our firſt ideas of the ſize and g 
diſtance of bodies, which, however, in many caſes : 
are corrected by experience. The nearer any object 
is to the eye, the larger is the angle by which 
it will appear in the eye, and therefore the greater 
will be the ſeeming magnitude of that body. This 
fact it will not be difficult to explain. Suppoſe the 
object H K (fee Fig. 10.) to be at a hundred yards 
diſtance, it will form an angle in the eye at A. At 
two hundred yards diſtance, the angle it makes will 
be twice as ſmall in the eye at B. Thus to what- 1 
ever moderate diſtance the object is removed, the | 
angle it forms in the eye will be proportionably ol 
leſs, and therefore the object will be diminiſhed in 
the ſame proportion. 
- From ſome late experiments made by Dr. Ho- 
ſach and Mr. Ramſden, it appears, that the power 
of changing the focus of the eye, and adapting it 
to different diſtances, does not reſide in the cryſtal- 
line lens, but in the cornea : that the cornea is com- 
poſed of laminæ; that it is. elaſtic, and capable of 
being elongated one eleventh of its diameter, and 
of contracting to its farmer length by its own exer- 
tions; and laſtly, that the tendons of the four ſtrait 
muſcles of the eye are continued to the edge of the 
cornea, and terminate or are inſerted in its external 
lamina. By the fame experiments it was found, 
that in changing the focus of the eye from ſeeing 
with parallel rays to a near diſtance, there is a vi- 
ſible alteration produced i in the figure of the cor- 
nes which renders it more convex; and the alte- 
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ration by which the cornea is brought back to its 
: former ſtate is equally vilible.®. + 


Why Objects are 0 upright. [Book IF, 5 


0 


Artißcial eyes are ſold by che o opticians, in Which 
all the humours are made of different kinds of glaſs, 
and may be ſeparated at pleaſure. At the back 


part, where the retina is ſuppoſed in the natural 


eye to receive the converged rays, is placed a piece 
of ground olaſs, where the image from the oppoſed 


objects 18 painted in an inverted poſition, Ima. 
The ſame effect may be pro- 
duced with a natural eye, and the nature of viſion . 
may be thus experimentally” demonſtrated: if a 


camera obſcura. 


bullock's eye is taken freſh, the Poſterior coats dex- 


| terouſly removed even to the vitreous humour, and 
if a piece of white paper is then placed at the part, 


the image of any bright object which is placed 
before the eye will be ſeen diſtinctly 2 on 


the paper, but in an inverted poſition. | 
It has been a matter of much doubt and 8 | 


by what means it happens that we ſee every ob- 
ject. in its natural upright poſition, when we know 


it to he inverted on the object of ſenſation. 
this the moſt ſatisfactory anſwer that can be given 
is, that we do not fee the Picture which is for mel 
at the bottom of the eye, but the obje& itſelf, - 
The picture, or rather the impreſſion ade on the 
retina, is the means of ſeeing, and therefore it does 
not appear of material conſequence on What part of 
the retina the impreſſion is made, 
the 1 image in the direction of that ray which con- 
veys to us the ſenſation, or rather in the direction 
of the axis of that pyramid, eh a a pc of di- 
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vergent rays forms in proceeding from any point of 
an object. Thus in Fig. 7. we lee the point of the 
arrow (which is indeed depifted in the lower part 
of the eye) in the direction of the line a, A, that is, 
in its proper upright poſition. On the contrary, 
ue ſee the other extremity of the arrow (which is 
painted on the ſuperior part of the retina) in the 
direction of b, B, that is at the lower end of the 


object. However, therefore, the image, which is 


formed, may appear inverted to a perſon inſpecting 
a natural eye, as in the preceding experiment, ſtill 
the eye itſelf diſcerns the object 1 in its proper and 
natural poſition, _ * 
As the rays of light are emitted or reflected from 
a viſible object in all directions, it is evident, that 
ſome of them from every part of it muſt reach the 
eye. Thus the object A, B, C (Fig: 11:) is 
viſible to an eye in any part, where the rays A a, 
A, AGAG „ Bo B& Bo 
C2, C, Cc, Cd, and C e can come. Bur 
though rays are reflected from every point of 
the object to every point of the circumambient 
ſpace, yet it is evident, that only thoſe rays which 
paſs through the pupil of the eye can affect the 
ſenſe; theſe rays give alſo the idea of different 
colours, according to the properties of the bodies 
which tranſmit or reflect them, upon the” beende 
formerly demonſtrate X 


It is very « difficult to explain wtf it 8 that | 


two diſtin images are painted 100 n both eyes, and 
yet that we only perce TJ e object. This 
difficulty has been n be ſolved by 
having recourſe to the vower o habit; but I con- 
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442 1 . Sguinting. [Book IX. 


feſs I cannot help being of opinion with Dr. Reid, 

that the correſpondence of the centers of the two 
eyes, on which ſingle viſion depends, does not ariſe 
from cuſtom, but from ſome natural conſtitution 
of the optic nerves. The caſe of the young man 
born blind, who was couched by Mr. Cheſelden, 
and who ſaw {ingly with both eyes, immediately 
upon receiving his ſight, is very properly adduced 
by that reſpectable author in favour of this ſuppo- 
fition. He alſo found, that three young gentlemen, 
whom he endeavoured to cure of ſquinting, ſaw 
objects ſingly, as ſoon as they were brought to di- 
rect the centers of both eyes tothe ſame object, 
though they had never been uſed to do ſo from 
their infancy; he remarks too, that there are caſes 
in which the fulleſt conviction of an object being 
ſingle will never make the object appear ſo, even 
by the longeſt practice, as in the caſe of looking 
through a multiplying glaſs “. 

In thoſe who ſquint, the diſtance between the two 
pupils is conſiderably leſs than in other perſons, for 
when the pupil of the undiſtorted eye is ſeated in 
the middle of the aperture, as in looking directly 
forwards, the pupil of the other eye is drawn cloſe 
to the noſe, ſo that the two axes are never pointed 
at the ſame object, though the muſcles fo far act in 
concert with each other, as to move both eyes the 
fame way at the ſame inſtant of time. Dr. Jurin 
obſerves, that this vicious habit may eaſily be con- 
tracted by a child, if he is laid in his cradle in ſuch 
a poſition as to perceive the light with one eye only. 


* Reid's Inquiry into Human Mind, p. 267. Ot 
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Chap. 41.1 Cure of Squinting. 443 
The moſt common cauſe of ſquinting is, how- 
ever, an inferiority in the ſight of one of the eyes, 
Dr. Reid aſſerts, that having examined above 
twenty perſons, who ſquinted, "he found in all of 
them a defect in the ſight of one eye. Four of 
them only had ſo much of diſtinct viſion in the 
weak eye as to be able to read with it, while the 
other was covered; the reſt ſaw nothing inen | 
with the defective eye. 
When the eyes are equally ad. we ſee with 
both eyes more diſtinctly than with one, by about 
a thirteenth part; but when the eyes are unequal. 
in their powers, objects appear leſs diſtin& with 
both eyes than with one. It is no wonder, there- 
fore, that ſuch perſons ſhould chuſe to make uſe of 
one eye only, and to turn the other aſide; the 
weak eye, in this caſe, is generally turned to the 
noſe, becauſe in that ſituation the direction of its 
axis is as diſtant as poſſible from that of the good 
eye ; and beſides this, the noſe conceals many ob- 
jects from its view. 
This is, however, not the only cauſe of e | 
it is ſometimes, though rarely, the effect of habit, . 7 
as was intimated reſpecting children being laid in 
the cradle with one eye turned from the light, or 
covered. When the eye that ſquints is turned out- 
wards towards the temples, that caſt of the eye is 
commonly the mere effect of habit. 
If the eyes differ much in point of goodneſs, che 
cure will be extremely difficult. When they do 
not materially differ in this reſpect, the proper and 
natural cure is to cover the good eye for ſome 
* Reid's Inquiry into Human Mind, p. 253. 


time; | 


444 Poder of Sight limited. [Book IX. 
time; for in this caſe the diſtorted eye is obliged 
to act, and to turn itſelf directly to objects, which 
in a little time becomes natural and eaſy to it. 
Even a very weak eye acquires ſtrength by exer- 
ciſe; perſons whoſe ſquinting ſeemed almoſt in- 
curable, having covered their goodeye for a few 
minutes only, have been themſelves furpriſed to 
find the ſtrength that their bad eye had acquired by 
exerciſe, even for that ſhort period. When the 
ſquint has proceeded entirely from a vicious habit, 
a cure has been effected by covering the good * 
4 a fortnight only “. | 

The powers of this ſenſe are limited, as well as 
thoſe of every other ſenſe and faculty of man. 

iſt, The light is very limited with reſpect to 
bodies in motion; foi with a certain degree of ve- 
locity, as that of a cannon ball through the air, they | 
are not viſible, unleſs very lumic.ous. 

ad. The ſame effect is exemplified by the experi- 
ment of whirling a lighted” coal, as was already | in- 
timated. | 

Id. If two objects unequally diſtohr move with 
the fame degree of velocity, the more remcte will 
appear the flow:r, 4th. A viſible object movin 
with any velocity appears to be at reft, if the ſpace 
deſcribed in a ſecond of time is inviſible to the 
eye. Thus a near object, as the index of a clock, 
moving ſlowly, or a remote one, as a planet, mov- 

ing ſwiftly, appears to be at reſt. sth. It is well 

- Known," that when the eye is proceeding. ſtrait 
ſorward, as in a boat at 82 a lateral et, either 


1 Reid's Taquiry into the Hani Mind, p. 253- 
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Chap. 41.] How the Eye judges of Diſtance. 445, 
at reſt, or moving not ſo faſt, appears to move the 
contrary way. Gth. If, however, the object is at a 
very great diſtance, it will ſeem to go the ſame way, 
as when a perſon runs by moonlight, the moon 
appears to accompany him. 7th. If two or more 
objects move with the ſame velocity, and a third 
remains at reſt, it will appear in motion while the 
moving ones ſeem at reſt; this is eee by 
the moon and the clouds, 
There are ſix natural methods, by which we 
judge of the diſtance of objects from the eye, 
iſt. By the angle which is made by the optic axes. 


For want of this direction it has been obſerved, . 
that perſons who are blind of one eye frequently 


miſs their mark 1n pouring liquor into a glaſs, &c. 
2ndly, and I think moſt generally, by the apparent 
magnitude of objects. By depending upon this 
method we are very frequently dcceived in our 
eſtimates of diſtance by any extraordinary large 
objects, as in travelling to a great city, church, 
or caſtle, we fancy them nearer than they really are. 
This furniſhes us alſo with a reaſon why animals and 
other ſmall objects ſeen contiguous to large moun- 
tains appear exceedingly ſmall ; for we imagine the 
mountain to be nearer to us than it actually is. On the 
other hand, when we look down from a high build- 
ing, the objects beneath us appear much ſmaller 
than they would at the ſame diſtance on the leyel 
ground ; the reaſon 1s plainly, becauſe we have no 
dittinct idea of diſtance in that direction, and there- 
fore judge by the impreſſions upon the retina, where- 
as cuſtom has corrected our judgment in the other 
caſe, The third method of determining the diftance 
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of objects is by the force and vividneſs of the co- 
lours, and the fifth is analogous to it, namely, by 
the different appearance of the minute parts. When 


theſe appear diſtinct, we judge the object to be 


near, and the contrary when they appear faint or 
confuſed. 6thly, We are aſſiſted in judging of the 
diſtance of any particular objects, by the other ob- 
jects which are interpoſed. On this account, diſ- 
tances upon uneven ground do not appear ſo great 
as upon a plain; for the valleys, rivers, and other 
objects that lie low, are many of them loſt to the 
ſight. This too is the reaſon why the banks of a 


river appear contiguous when the river lies low and 
is not ſeen “. 


In children the pupil is uſually. more dilated than 
in grown perſons. The reaſon of this appears to 
be, that in childhood the cornea is more flexible, fo 
as to be very eaſily bent into any curvature ne- 
ceſſary for diſtinct viſion, and conſequently the 


pupil has leſs occaſion to contract. In grown per- 


ſons the cornea is ſtiffer, they have therefore more 
neceſſity to contract the pupil. In elderly perſons 


che cornea grows ſtill more rigid; for this reaſon 


they are obliged ſometimes to hold the candle be- 


| tween the eye and the paper on which they read; 


and their doing ſo is a direct indication that they 
begin to want ſpectacles F. 

Children read much nearer than grown erden, 
both becauſe their eyes are ſmaller, and becauſe 
their cornea is more flexible. That ee per- 


C Eflay on Vitae 3 by Prieſtley. 
+ Porterfield on the eye, quoted by Prieſt. Op. Per. 6. . 12. 


8 ſons 


| Chap. 41.) Preſervation of Sight. 44. 


ſons ſee better at a great diſtance than eee; per- 
ſons is generally allowed. 


It is a certain and very important fact, that long 


ſightedneſs may be acquired, for countrymen, 
ſailors, and thoſe that are habituated to look at re- 
mote objects, are generally long ſighted, want ſpec= 
tacles ſooneſt, and uſe the deepeſt magnifiers; on 
the other -hand, the far greater part of the ſhort 
ſighted are to be found among ſtudents, and thoſe 
| who are converſant with ſmall and near objects; 
every one becoming expert in that kind of viſion 
which is moſt uſeful to him in his particular pro- 
feſſion and manner of life. 
Mr. Adams, in his very uſeful eſſay on viſion, 
has given ſome rules for the preſervation of the 
ſight, which, for the benefit of the ſtudious reader, I 
have thought it proper to inſert. 
1ſt, Never fit for any length of time in abſolute 


loom, or expoſed to a blaze of light. From this 


rule may be deduced the impropriety of going haſ- 
tily from one extreme to the other, whether of dark- 
neſs or of light, and it may be inferred that a ſouthern 
aſpect is improper for thoſe whoſe ſight is weak and 


tender. 2dly. Avoid reading a ſmall print. 3dly. Do | 


not read in the duſk, nor, if the eyes are diſordered, 


by candle light. 4thly, The eye ſhould not be per- 


mitted to dwell on glaring objects, more particu- 
larly on the firſt waking in the morning. Fthly. 
The long ſighted ſhould accuſtom themſelves to 
read with rather leſs light, and ſomewhat nearer to 
the eye than uſual, while thoſe who are ſhort ſighted 
ſhould uſe themſelves to read with the book. as far 
off as poſſible. 
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N CAHAP. XLII. 
THE GESTATION AND BIRTH OF ANIMALS, 


Varieties in the Production of Animals.Propertion of Males 10 
' Females. —Grewth of the Fe&tus,——Oviparous Animais.—— Mode 
of Exiſtenc# before Birth. Weight of a new born Infant. — Mie 


c cellaneous Calculations concerning the Proportion of Births to 


that of e in 1 Oc. 
| 2 2 | | 

7 E have hitherto beef occupied in conſider- 
WI ing the functions which relate to the ex- 
iſtence and welfare of animals, let us now direct 
our attention to thoſe which, amidſt the decay of 
individuals, preſerve the continuance of the ſpecies. 

Among the moſt minute and imperfect animals, 


there are fome which may be multiplied from frag- 


ments of the ſame ſpecies, as the polypus ; others 
grow from the bodies of their parents, and are in 


due ſeaſon ſet at liberty to ſeek nouriſhment for 


themſelves ; ſome animals, at a certain period of 
their exiſtence, naturally divide into ſeveral parts, 
each of which afterwards becomes a whole animal 
of the ſame race. 
As we aſcend in the ſcale of animal exiſtence, a 
difference of ſex preſents itſelf as a leading diſ- 
tinction. We find ſome races of animals, of hich 
every individual is poſſeſſed of both male and fe- 
male organs; others, among which a ſingle fen ale 
breeds for a whole community, and among which 
there are very few individuals Poſſeſſed of ſexual 
; organs. 


— 


Chap. 42] Theories of Buffon and Spalanzani. 449 
organs. , In general, however, about half the indi- 
viduals of a ſpecies are males and half females. 

It is in ſome meaſure foreign to the objects of the 
| preſent work to enter on-thoſe theories with which 
philoſophers have amuſed themſelves and their 
readers concerning the generation of animals. In- 
dependent of the indelicacy of the ſubject, there is 
another ſtrong objection to their introduction here; 
ſince theſe theories reſt upon no other foundation 
than conjecture, and ſome fallacious, and, I think, 
deluſive microſcopical obſervations. I ſhall, there- 
fore, content myſelf with referring the reader to the 
natural hiſtory of the Count de Buffon, and for a 
direct contradiction of his theory to the Abbe Spa- 
lanzani. The former of theſe philoſophers has 
derived the principle of animal exiſtence from the 
male, and the latter from the female. The genera- 


tion of fiſnes appears, indeed, greatly to favour the 


theory of Spalanzani, for in that inſtance at leaſt, 
the rudiments. of the young animals appear to be 
contained in the eggs or roe, which the female fiſh 

firſt depoſits; and the milt which is afterwards depo- 


ſited by the male appears only to eee into 
h 


action and growth. If we admit thys much of his 
theory, however, we mult attend him a ſtep further, 
and ſuppoſe that every female ovum in the ovarium 
of a female muſt itſelf contain ovaria and ova, and by 


that the rudiments of all the animals, which have 
exiſted, do exiſt, or ever will exiſt, were originally 
contained in the ovarium of the firſt female of the par- 
ticular ſpecies to. which they reſpectively belong. 
This has been therefore called the theory of involu- 
Voi - "i tion, 


extending the ſame idea we muſt be led to conclude, 
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450 Growth of the Dung [Book IX. 
tion, and has been ſuppoſed equally appicable to 
animals and vegetables. 


In the procefs of generation, the firſt marks we 


ſee, after impregnation, of the future progeny, is a 


minute being without limb or feature, connected by 
a cord to the internal ſurface of the uterus, and ſur- 
rounded by very thin membranes. It ſeems formed, 
however, of two maſſes joined together, the larger 
of which is the head and the ſmaller the body. As 


the fetus advances in growth the body acquires a 
larger ſize with reſpect to the head, ſmall protube- 


rances make their appearance on the body, which 


are the future limbs, and the features begin to ma- 


nifeſt themſelves. In this manner the feerus, gra- 
dually acquiring a more determinate ſtructure, and 
more evident marks of the ſpecies to which it be- 
longs, is at length diſengaged from the mother. In 
different ſpecies there is great variety in the per- 
fection of the animal at the time of birth ; the young 
of tie human ſpecies is, perhaps, the moſt backward 
of any in this reſpect ; for a child, when ſix months 


old, is not fo able to provide for itſelf as a horſe 


or an aſs at the age of as many days. ; 

In many races of animals it ſhould be obſerved, 
particularly in birds, the growth of the feetus takes 
place out of the body of the mother. This is indeed 
the caſe with all animals which ſpring from eggs, and 


in which we have a very favourable opportunity of 


obſerving the progreſs of the foetus from its firſt ap- 
pearance till it has acquired that ſtate of perfection 


at which it is hatched. During the whole period 
of its growth it is ſupported by a limited quantity 


of 


Chap. 42] while in the Egg. 451 


of nouriſhment contained within the egg-ſhell, and 


which is that part of the egg called the yolk. 


The human fetus is ſurrounded with three mem- 
branes ; the external of theſe is vaſcular, and is 
called the ſpongy chorion ; the middle coat, called 


the media or true chorion, and the internal one, 


called the amnion, are not ſo. Mr. Hunter has | 
found the ſpongy chorion to conſiſt of two layers; 
that which lines the uterus he calls membrana caduca 


or decidua, becauſe it is caſt off after delivery; the 
portion which covers the ovum, decidua reflexa, be- 
cauſe it is reflected from the uterus upon the ovum. 
The membrana decidua is, according to Mr. Hun- 
ter, perforated with three foramina, viz. two ſmall 
foramina, correſponding to the openings of the Fal- 
lopian tubes at the fundus uteri, and a larger one 
oppoſite its cervix. The decidua reflexa becomes 
more thick and vaſcular as it approaches the pla- 
centa, and conſtitutes its maternal part. 
The fetus appears floating in a tranſparent fluid 
contained in the amnion, ſuſpended by the umbilical 


cord, and the head, being the largeſt part, and the in- 


ſertion of the umbilical cord being at a conſiderable 
diſtance from it, falls loweſt ; a circumſtance very ne- 
ceſſary to ſafe and eaſy delivery. The foetus, when it 
has nearly obtained its growth, is curled up in an oval 
form; its back is round, and turned towards one 
ſide of the m-ther, making that ſide more protube- 
rant ; its chin 1s preſſed againſt its breaſt ; with its 
arms it embraces its knees, and its heels are cloſe 
to its buttocks. A moſt curious but ſomewhat 
complicated branch of the animal &conomy, is the 
means which nature employs for carrying on the 

X Gg2 nouriſh- 
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452 Sdituation and Growth [Book IX. 
nouriſhment of the fœtus. I have already menti- 
oned the umbilical cord, which connects the fœtus 
to the uterus. One end of this cord is connected to 
the ſubſtance called the placenta, and the other enters 
the navel of the fœtus. The placenta is a ſpongy. 
ſubſtance as broad as the crown of a hat, and about 
two fingers in thickneſs, and is commonly attached 
to the upper part of the uterus, The outer ſurface 
of the placenta is ſoft, tender, and ſpongy, and com- 
monly bloody, on account of its ſeparation from the 
veſſels of the uterus. Its internal ſurface, where it 
is covered by the membranes, is firm, gloſſy, and 
beautifully marked with the ramifications of blood- 
veſſels. On the outſide the blood-veſſels can 
ſcarcely be obſerved, as they are there very minute. 
On the outſide of the placenta there is alſo an ap- 
pearance like a diviſion into lobes. The umbilical 
cord is generally inſerted, not into the middle, but 
towards the edge of the placenta, which facilitates 
its ſeparation after delivery. With the placenta, as 
has been ſuppoſed, the arteries of the uterus have 
a communication, by which, in the firſt periods of 
geſtation, the fœtus receives a ſerous fluid, and in 
the later periods a large quantity of blood. 

It has alſo been taken for granted, that the arteries 
of the umbilical cord communicate with the veins of 
the uterus, and that thus a circulation of fluids is 
maintained between the fœtus and the mother. Mr. 
Hunter, however, after numerous experiments, has 
adopted a different opinion. By a variety of trials 
by injection he finds, that fluids thrown into the 
veſſels of the umbilical cord never get into thoſe of 
the uterus; and on the other hand, thoſe thrown 
bee : | 8 into 


Chap. 42.] ; of the Fetus. : 453 


into the veſſels of the uterus find no admiſſion i into 
thoſe of the umbilical cord ; he therefore con- 
cludes, that the human placenta, as well as that of 
quadrupeds, i is a compoſition of two parts intimately 
blended, viz. an umbilical or infantile portion, and 
an uterine portion. The former, by maceration, is 
found to conſiſt of the ramifications of the veſſels 
of the umbilical cord, the other Mr. Hunter conſi- 
ders as an effloreſcence of the internal ſurface of the 
uterus, which forms a membrane, ſending nume- 
rous proceſſes 1 into the ſubſtance of the placenta; this 
latter is the membrana decidua. Mr. Hunter does 
not pretend to ſpecity the nature of the union be- 
tween theſe two portions of the placenta. 
The veins of the placenta unite into a ſingle trunk, 


C 


2 


K 


; 

which, leaving the placenta, enters the navel of X 
the fetus. Two arteries, which are continued from 1 
the internal iliac arteries, paſs out at the navel of ] 
the foetus and enter the placenta ; and theſe, with the 1 
vein above mentioned, conſtitute the umbilical cord. J 
By means of theſe arteries and veins, a communi- g 
cation is maintained between the fœtus and the pla- Z 
centa. The umbilical vefſels do not run in a direct I 
courſe, but both the arteries and the vein are mu- | ; 
tually twiſted about each other. The umbilical cord 1 
5 


paſſes from the fœtus to the placenta, through the 
liquor amnii. The winding courſe of theſe veſſels, 
and the elaſticity of the ſubſtance which ſurrounds 
them, protect them in a great meaſure from the 
bad effects which would otherwiſe happen, from 
their being ſtretched or preſſed, Which might put a 
ſtop to the circulation. Beſides theſe veſſels, how- 
ever, there is another 1 in brutes, called the urachus, 

G 8 3 which 
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which conveys the urine from the bladder to a veſſel = 


called the allantoides, In the human ſpecies, both 
the urachus and the allantoides are wanting. 


There is, indeed, in the human foetus, ſomething 


like an urachus, which goes from the bladder of the 


fœtus to the navel, between the umbilical arteries, 

but it ſeems to be of no uſe, as it does not com- 

municate with the bladder, | 
The umbilical vein, after it has 3 "OY 


of the fœtus, divides into two branches, one of which 
enters the vena portarum to be diſtributed in the 
liver; the other, which is called the ductus veno- 


ſus, carries its contents to the left vena cava hepatis, 


which terminates in the great vena cava; and that 


part of the blood which paſſes through the liver 
alſo arrives at the vena cava. From the vena cava 
the blood paſſes into the anterior auricle, whence 


there is a paſſage into the poſterior auricle, which 


is cloſed up after birth, but which now turns the 
greater part of the blood received by the anterior 
auricle, from the anterior to the poſterior cavities of 
the heart. A conſiderable quantity of blood, how- 


ever, notwithſtanding this paſſage, does paſs into the 


anterior ventricle; but all the blood which is re- 
ceived by the anterior ventricle is not ſent to the 
lungs, which before birth are too much condenſed to 
tranſmit ſo large a quantity; part of it is turned 
aſide by a veſſel called the ductus arterioſus, which 
paſſes from the pulmonary artery to the aorta. Thus, 
beſides the blood which eſcapes paſſing through the 
lungs by means of the paſſage from the anterior to 
the poſterior auricle, a ſecond portion eſcapes by the 
vel which leads from the pulmonary artery to the 

aorta, 


* 


; Chap. 42.1 in the Felus. "<5 
aorta, ſo that perhaps not more than a ſixth part 


of the blood which paſſes through the reſt of the 
body paſſes through the lungs before birth, whereas, 
after theſe paſſages are cloſed, every drop which is 


circulated in the body muſt neceſſarily circulate alfo 


through the lungs. Theſe paſſages, which are pe- 
culiar to the foetus, from cauſes not aſcertained, 

_ cloſe up very quickly after birth. The blood is 
returned from the foetus by the arteriæ umbilicales, 
which are the internal iliac arteries of the adult, 
but which in the foetus paſs out at the navel, and are 
continued to the placenta. | | 


The foetus, ' which in the early periods of geſta- 
tion was almoſt all head, is ſtill at the time of birth 


of very different proportions from thoſe of the 
adult body ; the head is remarkably large, and the 
lower extremities remarkably ſmall. The growth 
of the fœtus in the uterus is by no means uniform. 
The weight of children, when born at the full time, 
varies from ſomething more than four pounds to a 
little more than eleven. By far the greater num- 
ber weigh from five to eight pounds, avoirdu- 
pois. At the end of the third month, the bulk of 
the foetus, with the membranes and placenta, is very 
inconſiderable, as is ſeen in abortions, which are 
moſt frequent at this period of geſtation. During 
the courſe of the fourth month the uterus becomes 


too large to remain within the pelvis, and riſing 


into the abdomen, gives ſome ſlight degree of pro- 
tuberance. The fœtus now increaſes much faſter 
than before; but the principal part of its growth is 
performed during the three laſt months of geſtation, 
when the uterus at length riſes as high as the ſto- 
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mach, preſſing the inteſtines towards the back- 
bone. The diſtended uterus is now ſtimulated to 
contraction, and the pains of child-birth are ſuc- 
ceeded by the effuſions of maternal fondneſs. 

It appears from a very accurate regiſter, kept 
in the Lying-inn Hoſpital at Dublin, that the pro- 
portion of children, is about ine males to eight 
females ;—children dying under fixteen days old, as 
one to about fix and an half; — children ſtill-born, as 
one to twenty ;—women having twins, as one to 
fixty ;—women dying in child- bed, as one to about 
eigbiy- ſeven. ; 

There is, however, a 980 e of male 
children, owing, as Dr. Clarke ſuppoſes, to their 
greater ſize, and particularly to the ſize of the head, 
which becomes injured in parturition, and conſe- 
quently affects the health; and the proportion is re- 
duced to quite equal before the age of puberty. 

If every mother in a great city was obliged to 
ſuckle her own child, the proportion would be one 


good nurſe in of and in the ee not one bad 
nurſe in ten 


* 
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THE GROWTH AND DECLINE OF THE BODY. | 


Increaſe of the Boay before and after Birth:—Diſproportion of iby - 


Parts decreaſes with Growth.—What Parts firſt ceaſe to increaſe 

in Size,——Youth.— Manhood. —Firft Symptoms of Dedline.— A. 
 nwhat Period old Age generally commences.—$ rymptoms of Age. 

Gans why the Human Frame cannet be of 1 Duration. | 


\R 0 M hs dime of own ll birth, the 
growth of the body proceeds in an accelerated 
or increaſing proportion, that 1s, the growth in the 
fixth month, for inſtance, is greater in proportion 
than in the fifth ; from birth till manhood it is gra- 


dually leſs and leſs, in other words, the growth of 


the ſecond year is leſs in proportion than that of the 
preceding, and fo of all the ſucceeding years. 

The reaſon commonly aſſigned * the latter of 
theſe facts is, that the fibre becoming leſs diſtenſi- 
ble from an increaſe of ſolidity as we advagcein age, 
our growth is conſequently leſs rapid. But it the 


rapidity of growth was proportioned to the laxity of 


fibre, the foetus ought to increaſe moſt rapidly imme- 
diately after conception, and more ſlowly as its tex- 
ture becomes more firm. The contrary of this, how- 
ever, is found to be the fact, ſince, in the early pe- 
riods of geſtation the increaſe of the fœtus is very flow, 
and its growth is continually accelerated till the birth. 

From this ſtatement it muſt be concluded, that 
| laxity 


. EPP RIS 


5 FIR. 2 A 

" 9 . W 15 
2 nn - 3% 0 r — RE 257-29 3 N 
"5 ATR ˙·˙ö 1 RA 2 * 3 


458 Gretith and Decline [Book IX. 
laxity of fibre is only one among other cauſes which 
favour the increaſe of the body. As the body ad- 
' vances in growth, its diſproportions are gradually 
loſt; the head increaſes more ſlowly, and the lower ex. 
tremities with more rapidity. The head indeed ceaſes 
to grow much ſooner than the other parts; for 
theſe, and particularly the thorax, ſeem to gain ſize 
and ſtrength for ſeveral years after the head has ar- 
rived at its utmoſt dimenſions. 
At the age of fifteen or ſixteen years, ſooner in 
females than in males, and ſooner in warm countries 
than cold, the ſigns of puberty begin to manifeſt 
themſelves, and ſeveral changes now take place 
in the body, which it would be improper to ſtate. 
When the body has attained its full growth and 
ſtrength, it does not immediately decline, but re- 
mains in a ſtate of nearly equal vigour till between 
forty and fifty years of age. Ar this time the body 
begins ſenſibly to loſe its agility, and the ap- 
proaches towards old age, which had hitherto been 
inſenſibly going on, now _ to manifeſt them- 
ſelves. | 
But though the body has now loſt conſiderablyß 
of its agility, yet in perſons of good conſtitutions, 
and who have not been remarkably intemperate, 
its ſtrength remains pretty entire. After the age 
of fifty, however, the decline of body becomes 
much more apparent; there is no longer that ſpring 
and vigour of motion; and labour becomes more 
irkſome and painful. From the age of ſixty to that 
of ſeventy the health is frequently pretty good, but 
the ſtrength fails conſiderably. Threeſcore and ten 
years is the age of man; and though there may be 
| ſome 
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ſome remarkable inſtances to the contrary, yet, in 
general, exiſtence protracted beyond this period is 
ſorrow and miſery, 

In the whole progreſs of life the body is conti- 
nually becoming leſs vaſcular. The vivid bloom 
of youth, which is owing to the ramifications of 
minute arteries in the ſkin of the cheeks, ſubſides 


into the moderate hue of middle life, and this into 


the wrinkled and ſhrunk appearance of old age. 
Similar changes are taking place in other parts of 
the body, and the coats of the arteries gradually be- 


coming thicker and ſtronger with reſpect to thoſe 


of the veins ; theſe latter become more diſtended, 


and the livid hue of venous plethora ſucceeds to the 
vivid tint of the arterious. A diſpoſition to ſoli- 


dity invades the body in the progreſs of life, and 
that which in the child was pliant cartilage, becomes 
in the old man brittle bone. 

The quantity of earth in the compoſition of the 
different parts of the body is continually increaſing ; 
the muſcles become inſenſible to the uſual Hawk, ; 
the vigour of the circulation is diminiſhed ; and in 
the tew, the very few, who eſcape the numerous 
pitfalls of diſeaſe and accident, this rigidity and 
inſenſibility increaſing, neceflanily puts an end to 
exiſtence. | 

That modern diſcoveries, or the improvement of 
the medical art, ſhould be able to protract for any 
conſiderable period our mortal exiſtence is a no- 


tion that will only be entertained by thoſe who are 


ignorant of the phyſiology of the animal frame, and 
indeed of every other branch of ſcience. It is the 
natural een, of extenſive knowledge to 
abate 
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z | | abate our confidence; while impudence, dogmatiſm, 
' and vain and viſionary ſpeculation, are the genuine 
offspring of ignorance. Medical {kill may indeed be 
ſucceſsfully applied! in occaſionally arreſting the pro- 
greſs of thoſe diſeaſes, which might otherwile prema- 
'turely interrupt our mortal career; yet even in theſe 
inſtances, thoſe who have ſtudied moſt, and practiſed | 
"moſt, will be the moſt ſenſible of the impotence of 
human knowledge in this important art; but he 
who is at all acquainted with the delicate and fra- 
gile texture of the human frame muſt be abundantly 
ſenſible, that it is a fabric which was not meant to 
endure for ever. wy | 
In the gradual decline of life, to which all muſt 
ſubmit, let us earneſtly embrace that conſolation 
which religion affords us. That which ſweetened the 
cup of death to Socrates is through life the cordial 
of the chriſtian; it is a conſideration that will mo- 
derate proſperity, and will deprive adverſity. of its 
moſt poignant ſorrows ; it will cheer us in life, 
and at the hour of death it is the only circumſtance 


: that can impart a ray of comfort to the human 
1 5 Rn.” | | 
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CRAFT. I, 


OF THE STUDY OF THE HUMAN MIND. 


Our Knowledge of Mind limited Confuſed by Metaphyſics. 
Plan of this Inguiry.— The Firſt Part reſpets the Inſtruments 
and Modes of Adlion of the Human Mind.—T he Second, the 


Springs or active Powers,—T he Third, the nioſt important 
Queſtions in Morals, Ic. 


NOW thyſelf,” is a ſaying of great anti- 
quity, and an author, whoſe ſentiments are 
deſervedly converted into maxims, has aſſerted, that 
« the proper ſtudy of mankind is man.” It is, how- 
ever, a circumſtance ſufficient to mortify the pride 
of reaſon, that even on the ſubje& moſt intereſting 
to us, we muſt be content with a limited portion 
of knowledge; we muſt not extend our expecta- 
tions too far. Even with reſpect to our own minds, 


there are ſome points which appear to be removed 


beyond the reach of our reſearches, while others 
are, perhaps unneceſſarily, involved in doubt and 
diſputation. It is unfortunate indeed, that in no 
branch of ſcience whatever the imagination has 


more wantonly ſported than in this; in no ſcience 


have men RE {o defirous ofdeſerting the only 
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462 Simplicity recommended = [Book X. 
| ſure guide, experience; in no inſtance has it been 
thought proper to reſort ſo little to proof and ob- 
ſervation, or to attribute ſo much to conjecture and 
theory. 


Metaphyſical ſubtleties, and hypotheſes carried to 
a viſionary extreme, have, therefore, greatly contri- 


buted to confuſe this branch of knowledge; though | 


when extricated from theſe, I apprehend full as 
much is known in this ſcience as in any other, and 
perhaps more than in moſt. On this account 1 
ſhall carefully avoid all thoſe diſputed points con- 
cerning identity and diverſity, exiſtence, infinity, &c. 
that have divided the learned from time to time. 
I conſider them, in truth, as utterly foreign to my 
purpoſe, and as tending to eſtabliſ no one uſeful 
principle. It will- be unneceſſary alſo to examine 
the origin of our ideas, or to enter into nice diſqui- 
ſitions concerning ſpace, duration, &c. &c. as ſuch 
inquiries are certainly more curious than uſeſul. 1 
ſhall further avoid all fanciful theories reſpecting 
the nature of our perceptions. Some of them, I 
confeſs, are plauſible, but I rather chuſe to lay the 
ground work of my reaſoning on actual experience; 
let thoſe who ſo incline, extend at their leiſure | 
their reſearches further. 
That ſcheme, which reduces human nature to 
the feweſt principles, if theſe can be demonſtrated 
adequate to every moral effect, is moſt fu isfactory 
to the rational inquirer. The more of nature we 
diſcover, the more ſimple ſne appears in her opera- 
tions: it is unphiloſophical unneceſſarily to multiply, 
cauſes. It is evident, for inſtance, that there exiſts 
in men a reliſh for beauty, as well as for moral ex- 


|  Cellence, | 
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cellence, and an antipathy to vice and deſormity. 
But how are theſe affections generated? It is an in- 
dolent method of philoſophizing to ſtop at whatever 
is not eaſily underſtood. Final cauſes and inherent 


inſtinct have ſaved the labour of many a painful in- 


veſtigation. 


With reſpect to the actual exiſtence of innate 
ideas or principles, the reader will perceive that | 
am not anxious to renew the controverſy. . Innate 
ideas, I believe, have been in general given-up by 
' philoſophers ſince the time of Mr. Locke. A moral 


principle has, indeed, been contended for by ſome 


writers of the higheſt reputation, as being in- 


nate in man. It may be conſidered either as a ſixth 


ſenſe, as ſomething inſeparable from the ſoul or 
mind of man, or as a general inſtinctive reſult of 
his mental organization. I muſt obſerve, however, 
that the exiſtence of ſuch a principle has never yet 
been ſatisfactorily proved, though, on the contrary 
it is not eaſy to diſprove it; I ſhall, therefore, as 
much as poſſible, avoid the controverſy, and endea- 
vour, as far as obſervation enables us, to account 
for the operations of our minds in the ſimpleſt and 
eaſieſt manner, and to have as little recourſe as 


poſſible to principles which. are involved in doubt 


or obſcurity. 

The elementary part of this book will naturally 
divide into two branches. The firſt part will ex- 
tend to the end of -the eighth chapter, in which I 
ſhall endeavour to explain the inſtruments and the 
modes of action of the human mind. The ſecond 
will extend from the ninth chapter to the thirteenth, 


in which the | eng or incentives that produce 


4 action 
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464 Materials of Thought, [Book X. 
action in the mind, and influence i its n e wilt 
be examined. e 
The era upon which the hutnan mig is 
principally to act, are the traces or veſtiges left by 
external impreſſions on the five ſenſes, Of theſe a 
ſimple effect on any one ſenſe produces what is called 
a ſimple idea, the word idea ſignifying} an image or 
repreſentation in the mind of an action, quality, or 
ſenſation ; thus white and feveet are ſimple ideas. 
An idea, compounded of ſeveral ſimple ideas, is 
called a complex idea, as man, horſe, tree, &c. 
which are evidently compounds of a number of 
ſimple ideas of figure, colour, ſolidity, &c. and 
ſometimes for diſtintion's ſake, when many complex 
ideas are compounded in one, the diſciples of Mr. 
Locke call it a decomplex idea, as homicide. 8 
Impreſſions on the ſenſes are often ſo entwined 
or aſſociated together, that the idea of the one ſhall 
not be recollected without that of the other. This 
junction happens when two impreſſions are made 
on the ſenſes at the fame time; thus the whiteneſs 
and roundneſs of a globe may be aſſociated ; the 
form and the ſound of a muſical inſtrument ; the 
name with the thing, ſo that on the ſight of the 
thing or object we immediately recollect the name. 
Ideas may aſſociate with impreſſions, if an imprei- 
fion is made on any of the ſenſes, while an idea is 
predominant in the mind. Thus the ſight of a par- 
ticular place will often recal ſome intereſting train 
of thought, that may have been entertained there. 
When I ſpeak of ideas being aſſociated, connected, 
combined, &c. I would be underſtood of the-ſame 
thing, viz..the implexion or junction of ideas thus 
ad. Lo, 
The 
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The retention of ideas in the mind is called ne- 
mory. The act of combining old ideas into new ones, 
invention, and frequently 1 imagination or fancy. The 


act of examining and comparing them judgment. 


Under theſe heads I propoſe explaining the primary 


operations of the mind, and theſe will conſtitute che 


firſt part of the preſent inquiry. 
The ſecond part of this book will conſiſt of an 


inquiry into the common ſprings of action in the 


mind. Theſe I ſhall endeavour to prove to be 


ultimately the ſenſes of pleaſure and pain. Love is 
the idea of pleaſure, combined with ſome other 


idea; hatred the idea of pain, combined in the ſame 
manner. Defire and cn are Eve love and 
hatred *, 

The third part, w which anche from the thirteenth 
chapter to the concluſion of the work, will conſiſt of 
the application of theſe principles to the in veſtigation 
of ſome curious ſubjects, and to the theory of morais. 
This, as it is the moſt extenſive part of the ſubject, 
is neceſſarily the moſt imperfect, and the chapters 


that conſtitute this part, are rather exhibited as con- 
firmations of the preceding principles, than as a 


complete ſyſtem. 


The natural appetites of man are, 
iſt, The common call of nouri/bment for the "body, 24. 
The deſire of propagating the ſpecies. | | 
The natural pleaſures of man are, I 
iſt, The ſatisfying of theſe are e The SY 8 85 
ſure reſulting from the moderate and proper exerciſe of the 
organs or faculties, 
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OF PERCEPTION. 


The Senjes the great Source of Information. Diſtinction between 
Senſation and Perception. — Senſes correct each other .—-Whether 
the ſame objects produce fimilar Perceptions in different Men. 
Ideas. B Eo - 


\HAT the mind is obliged to the ſenſes for 

the great maſs of its information, is now an 
eſtabliſhed principle. The proofs of this doctrine 
I ſhall. decline entering upon for reaſons already 
aſſigned. I would only obſerve, Firſt, That I do 
not ſee why we are furniſhed with ſenſes by the 


author of nature, if not for this purpoſe. Secondly, 


The ſenſes ſeem entirely adequare to all the inform- 
ation we are poſſeſſed of. Thirdly, Perſons. want- 
ing any of the ſenſes appear entirely deſtitute of the 
ideas of that ſenſe. A gentleman, blind from in- 
fancy, aſſured me, he never remembered to have 
experienced in a dream any thing like what the 
ſenſe of ſeeing is deſcribed to be. Nay, thoſe who 
have all the ſenſes complete, derive plainly their 
knowledge from the exerciſe of them. A child 
does not ſhrink from a candle till it has felt the 
painful ſenſation of burning, or is warned againſt it 
in terms expreſſing pain, of which it forms a . 
ment from pain already experienced. 

A very proper diſtinction is made by Dr. Stuart, 
between ſenſation and perception. Senſation im- 
plies © that change in the ſtate of the mind which 

| is 


CR. - 
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is produced by an impreſſion upon the organ of 


ſenſe ; of which change we can ſuppoſe the mind to 


be conſcious without any knowledge of external 
objects. Perception expreſſes that knowledge we 


obtain, by means of our ſenſations of the qualities 
of matter . 

+ Senſations may be communicated from with- 
out; 1ſt. by actual contact with the object itſelf; 
2dly, by the intervention of ſome medium: and it 
amounts to the ſame, whether we perceive the qua- 
lities of bodies by a communication with the bodies 
themſelves, or by the effects which they uniformly 
produce 'on ſome medium which communicates 
with our ſenſes. Thus, when we ſee a body white, 
we do not ſay that the light is perceived by our 
ſenſes, but the whiteneſs of the body, or that pro- 

perty in the body which ſo diſpoſes the rays of light 


as 


* Outlines of Mor. Phil. p. 21, 22. 

+ The different ſenſes by whoſe operation we diſcern the qua- 
lities of external objects, have been already ſtated to be five in 
number. Touching, taſting, ſmelling, hearing, and ſight. 
They may perhaps all be reſolved into that of feeling ; yet the 
diſtinction is correct, as they are certainly different inſtruments 
of feeling or perception. In thoſe of touching and taſte an actual 
contact with the body, which is the object of the ſenſe, is re- 

quiſite. In the others the ſenſation is effected through the 
operation of ſome medium. Thus ſight is in reality the effect 


of the rays of light upon our optic nerve; ſound is a vibra. 


tion of the air, which affects the organs of hearing; and ſmell 


depends upon the emanation of certain particles from a body, 


which act upon the organ of ſcent. 

That ſome ſenſes are more acute in certain animals than in 
others, is an obvious fact. The power of ſmelling in ſome of 
the canine ſpecies is beyond any thing that we are able to con- 

| h 2 ceive. 


gs v4 3 . 
- —_— — * - 
—— * 3s 1-0 n 

3 2 


. — 
2 * by * 
n 


: , « - * 
. — 
— —— ' 
eee IRAN ES 5 

/ 1 I en, 

2 


— — 


— tg Wow er 


9 — oe 


3 


. 


E 


— av > re yet 


—— 
yg Ds hater 
oy _ 
1 22 
2 — < 


, 
: 
J 
. 
Hi 
16 
fv 2 
7 
tt 


= 
£91 
= 
a 3! 
1 
. 
bo: 
264 
& 
4 
| 1 
. 
WM 
4 
1 
4 
13 
1 
© 2 
. 
. "3 
1 
= 179 
— * 
= 
. 
_ 
I 
7 
71 
* 
** 
. 
1 - 
Ry 
1 
* 
» 
Cy 
5 
Y 
2 
+ 
7 
"WA 
* 
4 
*. 
2. 
val 
d 
= 
5 
Y 
1 
* 
2 
I 
94 
3 
7 
7 


4 
n 2 5 
Lot Pe 


UA 
n 5 n 


—— 2 
7 
bo 


r 8 


2 DD = wn vx 
"I * 54s 5 - 5 * ym 2 . 1 
2 4 , > \ - WP Gr 9 —— 3 Sint VA wot - e — the” *; 
c . Is ne SITE PO ..... DA A? io, 2 2 
— — * * I , 2 d e 2 f : Y K A 2 
— s LSE, e 1 #-©-Y Lagh Re a; 2 prog II ES 2 3 DC * b 2 
4 SOIT FS ow. ng ; 2 8 MF: _ 


468 Whether Perception is the ſame in all en. Book K. 


as to afford us the pereeption or idea of white v. 
When, therefore, we ſpeak of ſmells, taſtes, colours, 
ſounds, we mean that certain effects are uni- 
formly wrought upon our ſenſes in certain circum- 

f ſtances, and to the unknown cauſes wann theſe 
names. 
Ihe information of the ſenſes is the laſt reſort 
of human reaſon ; I mean their joint information, 
for it appears they correct each other. It has been 
already ſtated, that the judgments we form of ma- 
terial things are not ſo much the effect of an im- 
preſſion on any one ſenſe as of thoſe of ſeeing and 
feeling combined f. Simple impreſſions or per- 
ceptions are not to be defined, nor do they, from 
that agreement and analogy which exiſts between 
the ſenſes of all mankind, require definition. 
It is of no conſequence whether the ſenſes of dif- 
| ferent men perceive exactly alike, though it is pro- 
bable there is not much difference in this reſpect. 
It is of no conſequence, whether one man ſees ob- 


ceive. Cats and owls have undoubtedly a power of ſeeing 
with a much ſmaller portion of light than any human being. 
It is probable that in different men _ ſenſes may be more 
acute than others. 
* There is undoubtedly ſomething in objects which excites 
ſenſations, but the ſenſations themſelves cannot exiſt without 
à ſubject on which to act. The diſputes therefore of philoſo- 
phers, whether ſmells are in the noſe or in the perſon who 
ſmells them, &c. &c, are merely de /ana caprina ; and there 
; muſt be a union of cauſes to produce ſuch effect. Suech diſ- 
ls putes may ſerve to exerciſe the human faculties, but they 
undodbtedly make no addition to our ſtock of real know- 
ledge. 
+ See Book 9. e. 37. 
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Caap. 2.] Mode of conveying Perceptions. 46 9 
jects larger than another, or whether the ſame com- 
poſition affords to each preciſely the ſame taſte or 
ſmell. We communicate our ideas of ſenſations 
by the help of relation ; we call a thing ſmall when 
compared with another ;- we call the taſte of a cer- 
tain viand ſweet, or a ſound grave or deep, and we 
have nothing further to do to be clearly underſtood, 


than to mark the proportionate differences and 
relations. 


It is to be remarked, chat all objects that preſent 
themſelves to our ſenſes do not make ſuch impreſ- 
ſions as to leave ideas behind them. Many times 
the mind is too much engaged with one train of 
thoughts to admit another. An impreſſion or ſen- 
fation being perceived by the mind, the trace or 
veſtige it leaves behind is called an idea. 
Whether the mode of conveying perceptions 
from the ſenſes to the underſtanding, is by a vibra- 
tory motion of the nerves * or by any other means, 


is of no conſequence to the preſent inquiry. It is 


ſufficient to ſay, that the ſenſes are firſt affected 
by external objects, that theſe impreſſions leave be- 
hind them veſtiges which are called ideas, and from 


the natural or voluntary combination of two or more 


of theſe, a new idea may be formed. 


Huch is the theory of the ingenious, but viſionary Hartley. 
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2 OF IDEAS. 


Idea: of Sefton and Reflexion. Simple and compler—Mace 
: 2d Subſtances, | 


D E AS being the images of impreſſions, want 
their force and vivacity, 1ſt. Ideas of ſenſation 
are the mere repreſentations of effects wraught 
on the ſenſes. 2dly, We give names ta the par- 
_ ticular actions of our own minds, as perception, 
thinking, doubting, reaſoning, and theſe Mr. Hacks 
calls ideas of An. 98 
It is probable many of our firſt ideas are com- 
plex, that is, the reſult of ſeveral ſenſations combined 
or united together, A child will hardly diſtinguiſh | 
between the figure and colour ; as jn a glaſs globe, 
it will have the idea of the globe itſelf, before it will 
5 diſtinguiſh between the roundneſs and the bright- 
neſs of which it is compounded; they are never- 
theleſs as diſtinft ideas as ſweetneſs and hardneſs, 
which may exiſt in the ſame ſubſtance, and one of 
them not be perceived as united with the other. 


Though the hand feels ſoftneſs and warmth in 


the ſame piece of wax, yet the ſimple ideas in the 
ſame ſubject are as perfectly diſtinct as thoſe that 


come in by diſtinct ſenſes.” Simple ideas will be 


recollected in objects differing in every reſpect but 
that one, from thoſe by which we originally re- 


* Locke, B. 2. e. 2. N 
ceived 


Chap. 51. | Simple Ideas, . 471 
ceived Fd Though a horſe, for inſtance, may 
poſſeſs no obvious. quality in common with a book, 
but that of external colour, as blacknefs, yet that 
quality will be recollected to be the ſame in both; 
and thus we learn that colour is not the neceſſary 
concomitant of figure, by finding the ſame colour 
united with different figures; and in the ſame man- 
ner, probably, we learn to disjoin all thoſe ſimple 
ideas that enter by the ſame ſenſe, as r and 
warmth, &c. &c *. 

All our ideas of ſubſtances are complex, and are 
compounded of the various ſimple ideas jointly 
impreſſed, when they preſented themſelves to our 
ſenſes. We define ſubſtances only by enumerating 
thoſe ſimple ideas; and ſuch definitions may ſome- 
times produce an idea tolerably clear of the ſub- 
ſtance, in the mind of one who never immediately _ 
perceived the ſubſtance itſelf; provided he has ſe- 
parately received by his ſenſes all the imple ideas, 
which are in the compoſition of the complex one 
of the ſubſtance defined 1. FO 

Words repreſenting complex ideas do not al- 
ways preciſely excite the ſame idea in different per- 
ſons. Some of the ſimple ideas may have made a 


* The moſt hugs underſtanding cannot frame one new 
ſimple idea; nor by any force deſtroy thoſe that are there.“ 


Locke. 
+ The word ſubſtance generally applied, means no more 


than the ſuppoſed, but unknown ſupport of theſe qualities, 
which are capable of producing ſimple jdeag in us, The 
ideas of particular ſubſtances, are compoſed from ſuch combi- 
nations of ſimple ideas as are obſerved to exiſt together, and 
ſuppoſed to flow from its particular internal conſtitution, 
Locke, B. 2. c. 28. 
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ſtronger impreſſion on one man than another, and 
ſome may have totally eſcaped him. The word 


man will, with a painter, call to mind ſeveral mi- 


nute circumſtances in the external appearance: 
with an anatomiſt the ſkeleton, nerves, &c. will hard= 

1y eſcape animadverſion ; with a metaphyſician, the 
mind, or more properly the modes of acting, the 


powers and faculties will be recollected. In all 
complex ideas, however, which are the immediate 


objects of ſenſe, and which are not decomplex, or 


compoſed of ſucceſſive impreſſions, the more ob- 


vious qualities will ſerve to mark the idea, and 


identify it to every man; as the idea horſe, tree, &c. 
can never be differently apprehended. It is other- 
wiſe with more abſtract and remote terms; the 
word virtue may be very widely conceived of by 
different perſons, as the cuſtoms of their countries, 
the courſe of their ſtudies, or their turn of thinking, 
may determine ; hence in all arguments, terms 
ſhould be minutely denned. 

All complex ideas are combinations of ſimple 
ideas aſſociated together, as will be nn in the 
chapter of aſſociation. . 

Beſides this diviſion of ideas into ſimple and 
complex, metaphyſicians have adopted others, which 
it may be of ſome uſe briefly to explain L. A prin- 
cipal diviſion is into ſubſtances and modes, that is, 
modifications of matter or forms of exiſtence. _ 

Hence follows a diviſion of modes into fimple 
and mixed modes. Simple modes of duration, are 


whatever diſtin ideas we have of any parts of it, 
as hours, days, &c. &c. Simple modes of colour, 


See Locke, B. 2. | 
| 1 are 


Chap. 3.] Mades and Subſtances. 473 
are white, blue, &c. &c. Simple modes of pace are 
any particular lengths of it, as an inch, a foot, &c. 
Simple modes of motion, are ſliding, walking, &c. 
It would be uſeleſs to enter into any more particu- 
lars of this kind, as theſe diſtinctions are pointed out 
rather with a view to the works of others than to 
the preſent treatiſe. I would wiſh to obſerve, that 
the general terms colour, pace, &c. do not furniſh 
any diſtinct idea; we can have no clear idea, but of 


a particular colour, &c. as will be explained when * 


come to ſpeak of words. 
Mixed modes are defined by Mr. Locke to be 
« ſuch combinations of ſimple ideas, as are not 
looked upon to be the characteriſtical marks of any 
real beings that have a ſteady exiſtence; but ſcattered 
and independent ideas, put together by the mind, 
are thereby diſtinguiſhed from the complex ideas of 
ſubſtances *,” ſuch are hypocriſy, drunkenneſs, &c. 
The ideas of mixed modes are acquired firſt from 
experience; as by ſeeing two men wreſtle, we ac- 


quire the idea of wreſtling. 2d. By putting together 


in the mind ſeveral ſucceſſive actions, as a lic. 


* Locke, B. 2. c. 22. 
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ED 0 ee cur. IV. 
OF ASSOCIATION, 


| | war- Aſfociations — Succeſſive Affeciations—4 great Part 

| v of our Knowledge conſiſts of the latter.—Common Senſe. —T rain 
Ideas. In what Manner the Train of Tdeas is carried on.— 
Relations of Contigtiity Se. — How theſe are formed in the 
Mind —- How id? rain of Ideas is eee 7 the 
Will. 


HE word ee 1 beter firſt 
uſed in this ſenſe by Mr. Locke; the doc- 
5 trine is notwithſtanding very ancient. Plato and 
| Ariſtotle in many of their writings, evidently allude 
| to this connexion of ideas. Some of the Stoics re- 
| mark its effects in ſpeaking of cuſtom, opinion, &c. 
| and Antoninus is very clear upon the topic “. 
Hobbes has a whole chapter upon the train of 
ideas f, and makes conſiderable uſe of the doctrine 
through the whole of his work. 


Ole ay ng Oarladng Toreuln col tc n Nr. Ballas 
7? vero lov pi α 1 Lun Anton. I. T-C. 16. 


4 135 + © In a diſcourſe on our preſent civil war (ſays he) what 
'1 | eould ſeem more impertinent than to aſk, as one did, what was 
the value of a Roman penny? Yet to me the coherence was 
manifeſt enough. Fer the thought of the war introduced the 
thought of the delivering up the King to his enemies; the 
thought of that, brought the thought of the delivering up of 
Chriſt ; and that again the thought of the thirty pence, which 
was the price of that treaſon : and thence eaſily followed that 
malicious queſtion; and all this in a moment of time; for 

. thought is quick,” —Leviathan, pt. 1. c. 3. 
J do not find that any one diſcovery has been made i in the 

ſcience of mind ſince the time of Hobbes, 
| T wo 


Chap. 4. Synchronous Aſeciation. ans 


Jo ſenſations happening at the ſame time will 


become united, and the ideas will be united of 


* courſe; thus the ideas of the figure and colour of 


bodies, admitted by the eve, are united, and theſe 
may be united with another idea admitted by the 


touch. As the ideas of roundneſs and whiteneſs 
by the former, and ſolidity by the latter, are aſſo- 


ciated together in the complex idea of a ſtone. If 
muſic is heard, while we behold the inſtrument, the 
ſound will be affociated with the viſible appearance, 
and the former will at any time recal the idea of the 
latter, when we do not ſee the inſtrument *.. Names 
become. aſſociated with things, and things with 
actions f. Aſſociations formed from impreſſions 
made at the ſame time, are called ſynchronous. Bur 
it is evident that impreſſions remain ſome moments 

on 


* The names, ſmells, taſtes, ard tangible qualities of na- 
tural bodies, ſuggeſt their viſibleſappearances to the fancy, and 
vice verſa,” Hartley on Man. c. 1. ſ. 1. prop. 5. | 

+ © It is remarkable, however, as being agreeable to the 
ſyperior vividneſs of viſible and audible ideas, that the ſug- 
geſtion of the viſible appearance from the name, is the moſt 
ready of any. Ibid. 

© The tranſition from the words to the ideas, is generally 
much eaſier than from the ideas to the words. A perſon who 
is learning a ſtrange language, will be able to underſtand a 
book in that language long before he can write qr ſpeak it. 
Even i in one's native tongue, one can readily underſtand what 
is written or ſpoken in the beſt and propereſt terms, though he 


could not have uſed theſe terms for expreſſing the ſame | 


ideas, &c. This proceeds from the influence of cuſtom, &c. 
The ideas are more familiar to us than the words ; they are 
often raiſed by their proper objects, or ſuggeſted by other 
words: and their familiarity makes them be ſuggeſted readily, 


That this is che true cauſe, is confirmed by obſerving that 
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476 .  Surcefio®  _ [Book X. 
on our ſenſes, and die gradually away *; if ano- 
ther impreſſion therefore is made while the former 


remains, they will be aſſociated, and the one 


Hall recal the other to remembrance : the aſſo- 


ciation being weaker or ſtronger in proportion 
to the ſtate of the idea or impreſſion with re- 
ſpect to its vividneſs. An idea may in the ſame 
manner be aſſociated with an impreſſion or ſenſa- 
tion, or two ideas may be aſſociated together, and 
this kind of aſſociation from contiguity of time 
may be termed ſucceſſive. Thoſe complex ideas 


which are formed from ſynchronous impreſſions are 


more vivid and diſtinct, than thoſe formed from 


ſucceſſive ones. 


Propoſitions founded upon ſynchronous impreſ. 


ſions, are little elſe than complex ideas of ſenſation; 


as in the propoſition © the dog barks,” the idea of 
the thing is as much aſſociated with the action as 
with any of its qualities: and here is no room for 


diſſent, unleſs we could find that our ſenſes had 


deceived us. 

Propoſitions founded on a nations, 
are much more liable to deception ; yet of theſe 
conſiſts by far the more valuable portion of our 
knowledge. It is remarkable, how in forming 
theſe propoſitions, frequent experience leads us to 


drop the intermediate ideas, and connect the two 


extremes of the propoſition, calling i it ſelf evident, 


where it does not take place, ideas are not ſuggeſted more 


readily than words are in ordinary caſes, When the ideas ex- 


preſſed are ſuch as we have been little accuſtomed to attend 


to, a diſcourſe or compolition is underſtood by us with dif- 
ficulty, as well as when ideas are expreſſed by anuſual words. — 
Gerard on Gen. pt. 2. ſ. 2. note. ; 
See Sir Iſaac Newton's Optics, and b. ix. c. 41. 
| | 28 
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as if it was really the effect of ſynchronous impreſ- 
ſions. We may obſerve (ſays Mr. Locke “.) 
that the ideas we receive from ſenſation, are often in 
grown people altered by the judgment without our 
taking notice of it. Thus a globe of any uniform 
colour, as of gold or jet, being ſet before obr eyes, 
the idea thereby imprinted, is of a flat circle va- 
riouſly ſhadowed. But being accuſtomed to per- 
ceive what kind of appearances convex bodies are 
wont to make in us; the judgment alters the ap- 
pearances into their cauſes; and from that variety 
of ſnadow or colour, frames to itſelf the percep- 
tion of a convex figure of one uniform colour.“ 


A man who reads or hears with attention, takes 


little notice of the characters or ſounds, but of the 
ideas that are excited in him by them. Thus we 
find the intermediate, aſſociating ideas are dropped, 
and the more remote cauſes immediately connected 


with the effects. In the inſtance of the globe, the 


firſt complex idea preſented, is that of a circle aſ- 


ſociated with certain ſhades of colour; on approach- 
ing and examining it by the touch, we find that 
this is really a convex figure and of a ſelf colour, 
we therefore aſſociate the ideas of the convexicy and 
colour with the former idea of the circle fo ſha- 
dowed, and the one occurs not alone, but always 
accompanied with the other, and ſo immediately 


that we feel it as if it had been from ſynchronous 


impreſſions, It is unneceſſary to multiply inſtances ; 
it is obvious that the ſight of blood never fails to 


B. 2. c. 9. 5 
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alarm the mind inſtantaneouſly, though no more 
productive of fear or horror from its natural pro- 
perties than any other fluid. Painters, ſtatuaries, 
anatomiſts, architects, ſee at once what is intended 
by a draught, picture, &c *.“ Something like this 
occurs in moral propoſitions, as, intemperance | 
is productive of ill health.” Here it is plain that 
common experience ſo frequently unites the con- 
ſequence to the cauſe, that omitting all the inter- 
mediate ſteps neceſſary to form the concluſion, the 
mind is ſatisfied with the aſſertion, and calls it ſelf- 
evident. This is what ſome authors (if Jam not 
miſtaken) mean by common ſenſe; and indeed theſe 
concluſions are ſo generally right, that although it 
may be for the intereſts of virtue, occaſionally to 
examine them by the principles of reaſoning, men 
in moſt caſes have very little occaſion for any 
other appeal than to their common feelings, to 
determine on the juſtice or injuſtice of particular 
actions; ideas of juſtice being founded in the truth 
of things, and ſo confirmed by experience, that the 
concluſions are as ready at hand, and almoſt as 

clear as that © the ſun ſnines; © what is, is;” or 
any other of thoſe maxims that are really ſelf-evi- 
dent. 

On this principle of aſſociation depends the ne- 
ceffary ſucceflion of ideas in a train, of which any 
one may ſatisfy himſelf by attending to the ope- 
rations of his own mind. Ideas are introduced by 
an agreement in ſome of the parts of which com- 


Fo Hartley on Man, prop. 23. ER 
Fi | : | P ex 
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plex ideas are compoſed. Shakeſpear, deſcribing 
a merchant's n ſays, 


60 My wind, cooling my broth, 
« Would blow me to an ague, when I thought 
« What harm a wind too great might do at ſea. 
« T ſhould not ſee the ſandy hour-glaſs run, 
« But I ſhould think of ſhallows and of flats; 
« And ſee my wealthy Arg'ſie dock'd in ſand. 

x « Should I go to church, 

„And ſee the holy edifice of ſtone, 


And not bethink me ſtraight of dangerous rocks * ? 


It is CE that the train of ideas almoſt 
always depends upon the relations of contiguity in 
time or place, cauſe and effect, reſemblance or con- 

trariety; all of which, it 1s obvious, depend on the 
principles of aſſociation already explained. It has 
been fully proved, that ideas are aſſociated by con- 
tiguity of time, the former impreſſion remaining 
vivid ſome moments after it was firſt made, and 
the other during that time occurring, they become 
united. That affociation which ariſes from unity 
of place is no other than recollection, the place 
making a part of the complex idea of any action. 
Cauſe and effect are aſſociated by contiguity of 
time; for, as Mr. Locke obſerves, © we get theſe 
ideas from our obſervation of the viciſſitude of 
things, while we perceive ſome qualities or ſub- 
ſtances begin to exiſt, and that they receive their 
exiſtence from the due application and operation of 
other beings *.” The relation of reſemblance is 


* Merchant of Venice, ſe. 1. + Locke, B. il. e. 26. 


ne 
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no other than recollection of that particular idea, in 


which the object preſent, and the object remem- 


bered, agree. When two ideas are formed, agree- 


ing in any quality or qualities, they are ſaid to be 


related; and the degrees of relation are as they 


agree in fewer or more qualities. Reſemblance in 


one ſimple and very common quality, as black, 


round, &c. will ſeldom recal an idea, unleſs very 
recently or very ſtrongly imprinted, the mind being 
confuſed with the multitude of e e 
that quality. 

The aſſociation of ideas with A* contraries 
ſeems to ariſe, iſt, When the idea ſo remembered 
is only a negative idea, and derives its exiſtence from 


its poſitive; thus cold is the want or decreaſe of heat; 


ſickneſs is the want of health ; poverty of riches ; 


&c. ad. When the ideas are connected in point 
of time /, as muſt be the caſe in a change from one 


ſtate to another, ſuch are the ideas danger and ſafety. 
3d. Perhaps two things, which are oppoſite, being 
perceived at once, the mind is more forcibly ſtruck 
by each of them, the ideas are conſequently more 
vivid, and more liable to be recollected. | 
The train of ideas is often regulated by ſome 
end propoled to ourſelves; for where we have an 


object in view, ſuch ideas as are connected with it 


wilt of courſe be ſuggeſted. By theſe means we 
are frequently impoſed on; a paſſion or an intereſt 
will lead on a train of. arguments favourable to 


1 + « Eye-witneſſes generally relate in the order of time, 
* any e defign of doing ſo,” Hartley on Man. 


6 4 chem, 


Chf! 47  Ifunce if the Will 5 


them, while we imagine we are acting with as 
utmoſt impartiality *. 

© The indirect influence of the will,” ſays Dr. 
Stuart, © over the train of our thoughts, is very ex- 
tenſive. It is exerted obiefly in two ways:— 1ſt, 
By an effort of attention we can check the ſpon- 
taneous courſe of our ideas, and give efficacy to 
choſe. aſſociating, principles which prevail in a ſtu- 
dious and collected mind; 2d. By practice we 
can ſtrengthen a particular aſſociating principle to 
ſo great a degree, as to acquire a eee over a 
e cs of « our Lens... 
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as. Should. ar one be ſurpriſed at this diſpoſition i in our 
nature to aſſociate any ideas together for the future, which 
once preſented themſelves jointly, conſidering what great evils, 
and how much corruption of affections is owing to it, it may 
help to account for this part of our. conſtitation, to conſider,” 
« that all our-language, and much of our memory, depends 
upon it;“ ſo that, were there no ſuch aſſociations made, we 
muſt loſe the uſe of words, and a great part of our power of 


recalling paſt events, beſide many other valuable powers a 


WE I” 


——T — = 2 , eres 


arts WR + pong upon them.” 
{RON ©:  Uutchin/en ox the Paſſions, ſ. i. p. 11. 
Ver, III. 
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Iaeas of Memory. —Diftingeified from Ideas of 83 
Judgment concerning Diſfaner of Fadi. Memory in Young 
4 Ol Perſons —RecolleianeCertaingy, 


* appears, that ideas of e ave” diſtin- 
guiſhed from ideas of imagination; 1ſt, By 
being more vivid; 2dly, By the aſſociated ideas 
of time, place, and other circumſtances that accom- 
pany them. As ideas, by being often repeated, 
become more vivid, it is a common remark, that 
perſons inclined to habits of falſhood, by often re- 


peating the ſame ſtory, are themſelfes at laſt im- 


poſed on by the vivacity of the idea, fo as to miſ- 
take it for an idea of memory. Madmen are 


almoſt always deceived in this way. In dreams, 


the vividneſs of the new ſcene, and no aſſociated 
ideas appearing by which to mark thoſe ideas de- 
rived from memory, cauſe us to miſtake it for 4 
ſeries of real impreſſions. 

It ſeems probable, that we judge of the diſtance 
of facts recorded by the memory, iſt, From the 
idea growing fainter, yet retaining the principal 


Memory is that henley by which traces Fa ſenſations 


. and ideas recur, or are recalled, in the ſame order and propor- 


tion, accurately or nearly, as they were once actually pre- 
ſented.— Harti on Man, Introduc. 


5 | aſſociated 


. | 2 . : 


Chaps 5 J Memory is weak in Children, Ge. 48 3 


aſſociated circumſtances z 2dly, From enumerat- 

ing ideas of facts, which we know, by the order of 
ideas, to have ſucceſſively happened fince that point 
of time in which the idea LY occurred. The 
death of a friend, or any intereſting event, often 
related, appears to have happened but yeſterday, as 


we term it, on account of the vividneſs of the idea 
correſponding to the nature of a recent” event 


Miſtakes ate here prevented in perſons, who retain 
their ſenſes, by the ſecond means of judging, viz. 
by enumerating facts that have ſince occurred, Sc. 
Memory is weak in children; iſt, probably, be 
cauſe the organs are flaccid and weak; '2dly, For 
want of a number of ideas, which experience fur- 


niſhes, and which afterwards ſtrengthen the powers 


of aſſociation. Memory is flow and defective in 


| old perſons; 1|, Becauſe, probably, a rigidity of | 


fibre may render the organs of thought leſs active; 
2dly, Becauſe the paſſions' are weaker, there is in 
reality leſs life, of courſe a ſluggiſhneſs of mind will 
generally accompany that ſtate. Impreſſions are 


eaſily made on the ſenſes of children, but do not 


remaia. On the contrary, it is difficult to make 
ſuch impreſſions en older perſons as to produce 
ideas, but when made they are laſting. Hence the 
neceſſity of inuring the mind: to action and ſtudy 


through every ſtage of life, ſuch. perſons frequently 


retaining their mental agility and powers longer 
than others. 


| Ideas are more eaſily recollected, Iſt, By being 
vividly and diſtinQtly n, 2dly, uy bang, 


e Hardey on Man, prop 44 
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ſtrongly aſſociated. Theſe two cauſes will gene- 
rally concur, for the more vivid an, impreſſion is, 
the longer it remains on the ſenſe, and of courſe 
the more ideas it will be aſſociated with. A ſenti- 


ment, when quoted from à bock or a poem by 


another author, as appoſite to his ſubject, often 
makes a more diſtinct and vivid impreſſion. than in 
the original writer. The impreſſion i is more vivid, 
becauſe we are. apt to fancy that ſome peculiar 
excellence induced another author to quote it; 301 
is more vivid too, becauſe it is more diſtin& ;. it is 
better remembered, both for this reaſon, and becauſe 
(like all diſtinct ideas) it becomes aſſociated with 
time, place, and other circumſtances, as well as with 
che ideas of him who quotes it“. 

The following are the modes of memory 8 
out by Mr. Locke, which may be of ſome uſe as 
definitions. When an idea recurs without the 
preſence of the object, it is called remembrance ; 
when. ſought after by the mind, and brought again 
in view, it is recolle#ion; when held there long 
under attentive conſideration, it is contemplation ; _ 
when ideas float in the mind, without regard or 
reflexion, it is called reverie; when the ideas are 
taken notice of. anch as it were, e in the 


We We 940 1 es we ps 22 per- 
fectly. What we underſtand, firikes us with its whole force : 

of what we understand imperfectly, it is only the part under- 
food that makes any impreſſion on us; of the reſt we have no 
perception: even that part makes but a. faint impreſſion. - It 
would acquire additional force from its connexion with the 


other . if the whole were underſtood.” 


Ger. on Gen. part li. f. 9. 
f memory. 
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memory, it is attention; when the er fixes its 
view on any o one idea, and conſiders i it on Lal ſider, 
* 

That ideas are commonly recollected in a train 
has been already noticed. It has, indeed, been 
diſputed, whether we have any further power in 
recollection, than, rſt, Exciting a certain degree of 
activity in the mind, and awakening it to the diffe- 
rent aſſdciations ; and, 2dly, When two trains of 

* ideas occur, directing the attention to one in pre- 
ference to the other. The order of time, place, 
&c. have great influence in recollection. | 

In recollecting a company, we are obliged to 
have reſpect to the order of place, to the courſe of 
converſation, or ſome other of the common rela- 
tions. Recollection in order of time happens from 
ſome part of two ideas becoming entangled with 
each other, as the mind, when waking, is ſeldom 
without ſome idea, ſo no one is perfectly gone be- 
fore the introduction of another. Recollection 
from place happens by the tranſition which the 
mind makes from the firſt idea to the place, and 

from the place to ME ſecond 8525 ; It 1 is che ſame in 


* Locke, b. ii. c. 19. 


| + The mention of a perſon often makes us recollect, that 
there is ſome purpoſe for which we want to ſee him; but ſome- 
times, when we cannot call to mind what it particularly is, the 
ſight of that perſon brings it quickly into our thoughts. In con- 
ſequence of the ſuperior force of ſenſations, which enables them 
to ſuggeſt conceptions by means of much weaker relations than 

ideas can, it often happens, that an object occurring to the 
| ſenſes gives a very quick and ſeemingly unaccountable turn to 
the courſe of the POO 3X "OP on Gen. part ii. ſ. 3. 


Gi .- recolleion 


2. 
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recollection from reſemblance. Recollection from 
cauſe and effect is the ſame as recollection in order 
of time; only it is to be remarked, that we look 
upon every thing as being both a cauſe and effect 
of ſome other thing, though of what, or in what 
manner, we may be | e ; _ this i is the reſult 


of experience. 


eee Bonds vat acc afldciated 
with a number of other ideas in the different repe- 
titions of it; it will therefore be mare predominant, 


and more apt to be recalled on future occaſions z | 
and this, conſtitutes the power of habit over our 


turn of thinking, which may be acquired from 
reading frequently the ſame book, or converſing 


much with the ſame perſon. 


Diſtinct memory thus Peng on afſociation, 


the ſimple ideas are often found to remain, while 


the circumſtauces firſt connected with them are 
utterly loſt. Theſe the mind * into new 
combinations, we call invention. 

As memory is ſo much dependant e on WE I RET 
it is evident, chat what influences the latter will have 
much effect in determining the peculiar excellence 
of any man's memory. Some are found to have 
a memory adapted to the remembrance of hiſtori- 
cal facts, ſome to poetry, &c. Ideas formerly re- 
ceived are fo many hooks (if I may be allowed the 
expreſſion) that faſten on thoſe ideas which affimi- 
late with them. _ 

The diſtinctneſs, lvelinck, og 3 cir- 
eumſtances of ideas, leave almoſt no room for miſ- 
takes in judgment, as far as depends on the me- 
mory. Ideas of memory, by frequent repetition, 

ET | may 


Chap. 77 cm of Memory with Organization 48 * 


may be retained equally perfect and vivid as when 
firſt imprinted; it follows, therefore, that when, 
from the clearneſs and vividneſs of the ideas, we 
feel that they have remained unconfuſed in the 


mind, our reaſoning, as far as reſpects them, will 


fall nothing ſhort of abſolute certainty. 


How far the memory is dependant on che e cor- 


poreal organs, has been often diſputed. Some 
ſtriking - inſtances, to prove a very cloſe depen- 
dance, have been furniſhed. by different authors. 
An Italian poet is related to have fallen dangerouſly 
ill, and when he recovered, to have forgotten the 
very letters of the alphabet. Pliny ſpeaks of a per- 


ſon, who, by a dangerous fall, forgot his mother 


and friends. Meſſala Corvinus, by a diſeaſe, forgot 


his own name. Valerius Maximus relates, that a 
citizen of Athens, by a blow of a ſtone on the head, 
forgot all he knew of polite literature, though in 
other reſpects he retained his memory *. In the 
Memoirs of the Royal Academy, 1711, there is an 
account of a young man, who, in a fever, forgot 
every thing he knew; but afterwards learned very 


quickly; ſo, retaining bus faculties, he loſt his for- 


mer ideas F. 

We muſt, however, be cautious of giving too 
implicit credit to theſe relations. Authors, as well 
as all other men, are too fond of the marvellous. 


It is certain, that the ſoul or mind of man cannot 


act, unleſs the inſtruments with which it is to act 


© Plin, Nat. Hiſt. I. vii. c. 24. 
+ See inſtances of extraordinary memory, Plin. Nat. Hiſt. 
L vil. e. 24: 5 
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are in a proper ſtate. + The mind is, therefore, 
affected by the infirmities of the bodily frame; yet, 
in lunacy, and other mental complaints, medicine is 
found to have but a feeble effect. That a perſon, 
from a mere corporeal injury, can have any one ſub- 
ject eradicated! from his memory, while he retains 
others, 1 is not to be believed. 

Ereat memory is ſeldom conſiſtent 1 imagi- 
nation. The mind, in that caſe, ſeems to be too 
much occupied with old ideas to be diſpoſed to 
form new ones. I have heard a gentleman, of a 
remarkably ſtrong memory, complain, that when 
he ſat down to compoſe, he experienced great dif- 
ficulty, from being incumbered with the thoughts, 
ſentiments, and ur of other authors. _— 


CHAP. VI. 
OF- INVENTION. 


Invention; — of Memory reer, 


HE nd may be * employed in 
making true as falſe combinations of ideas; 
in forming a ſyſtem, and connecting ideas by their 
natural relations, as in depicting Centaurs, and 
making witty alluſions ; in either of which caſes it 
is ſaid to invent. In the former there ſeems to be 
a greater mixture of judgment, and this kind of 
invention is ſubſervient to real ſcience. On the 
contrary, when the invention conſiſts in drawing 
ſtrong and lively pictures or repreſentations, either 
falſe in themſelves, or heightening by rhetoric real 
facts, it is called imagination; when it conſiſts in 
wild and n mne it is called 
fancy . 

From the two laſt je Tag it appears, 1 in- 
vention is altogether dependant on the principle 
of aſſociation. When a perſon is poſſeſſed of a 
mind ſufficiently active to be eaſily affected with 
the rennen ren out in the prcetiing chapters, 
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* 4 When 5 85 and trains of 1 occur, or are called 
up in a vivid manner, and without regard to the order of 
former actual impreſſions and perceptions, this is ſaid to be 
done by me obey of i ng or N Wa e e 
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490 Ideas of Imagination & Ideas of Memory. [Book X. 
we ſay of him, that he has an inventive genius: a 
quick diſcernment of thoſe relations between com- 
plex ideas, will lead him to combine them into new 
ones, or to new arrange the order of his thoughts, 
which will amount to nearly the ſame. In an 
active mind, the ideas will be more vivid, and ſuch 
a mind will notice many relations that would eſcape 
ordinary perſons. When a mind is more conver- 
ſant, and more affected with the relation of cauſe 
and effect, ſuch will conſtitute à genius for the 
ſciences. A genius for the arts is more forcibly 
ſtruck with the relation of reſemblance. | 

Hence, firſt, it follows, that the memory muſt be 
ſtrong to ſupply a genius for either arts or ſciences 
with materials for new improvements; and, 2dly, 

The mind muſt be. active, and eaſily atfected by the 
ſeveral relations. 

The diſtinction betwoen iden Ear ned 
ideas of imagipation has been already mentioned. 
Ideas of memory muſt neceſſarily be more lively 
than ideas of imagination commonly are at firſt. 
Ideas of imagination are only formed from the 
ideas of memory, ſo that at moſt the figure is but 
at ſecond-hand, and muſt alſo be leſs perfect than 
what nature has actually preſented to our ſenſes. 
Yet, if we remember what was ſaid reſpecting the 
frequent repetition of 'an idea, it will be found, that 
ideas of imagination may, by this means, become 
fully as vivid as ideas of memory, which is the caſe 
with perſons addicted to falſhood, 'as has been al- 
ready remarked. But 1 will even go beyond this, 


and aſſert, that a number of vivid ideas, being 


combined into one complex one, and each having 
3 


its dependant train of ideas, the complex, or ra- 
ther decomplex idea, by frequent repetition, will 
produce a ſtronger ſenſation than any one of its 
conſtituent parts. Hence it is a ſelf-evident fact, 
chat the intellectual pleaſures and pains, though 
deducible from the ſenſible ones, are in reality 


ſtronger and more vivid, as any perſon may ſatisfy 


himfelf who conſiders a little the nature of avarice, 
ambition, or love. 

It has been cuſtomary to eſtabliſh a radical aiſ- 
tinction between invention and judgment, as if they 
were diſtinct powers of the mind, and not the ſame 
power differently employed; but the only two 
great diſtinctions that 1 perceive in- the human 


mind are, memory and genius, which, it is certain, 


do not always meet in the ſame perſon. Per- 
haps the reaſon they are ſeldom found to exiſt toge- 
ther, in any conſiderable degree, may be a certain 
inertneſs in minds of the former caſt, which enables 


them to retain ideas in the groſs, but which diſables 


them from ſeparating, analizing, or making new 
combinations, - A very vivid mind is not only 
ſtruck with an object as a whole, but every con- 
ſtituent part is obſerved, and makes, if 1 may ſo 
expreſs it, a ſeparate impreſſion; theſe parts are, 


therefore, liable to become ſeparately aſſociated 


wich parts of other complex images, and the ſame 
vividneſs and activity of mind will produce natu- 
rally theſe 9 afſociations. | 
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eee! OF JUDGMENT. ,, 
| Fudgment ; what —Aſent e r obability . 


HEN the mind examines and compares 

objects or ideas, recalling i in a ſeries, and 
turning them over, ſo as to diſtinguiſh their na- 
tures, qualities, or relations, it is faid to Judge, 
To the act itſelf, or the power of performing it, we 
give the name judgment, and often the concluſion 
or inference is called a judgment. | 

Ideas are objects of the judgment; firſt, in diſ- 
tinguiſhing one idea from another: this act of the 
mind has given riſe to the technical terms uſed by 
logicians, identity and diverſity. Mr. Locke calls 
this the firſt act of the mind, which, he obſerves, 
tc it does without any pains or deduction, by its 
natural power of perception and diſtinCtion.” 2dly, 
Ideas are objects of the judgment, in perceiving 
the relation. which one bears to another, or the par- 
ticulars in which they agree one with another. 
Thus, by the firſt, we obſerve, that blue is not 
purple; and yet, by the ſecond, we perceive, that 
purple. approaches nearer the colour blue than 
yellow does. Or, to give a plainer inſtance—We 
perceive by the firſt a& of judgment, that two is a 
different number from four; and, by the ſecond, 
that they have this property in common, that they 


are both even numbers. 5 
445 | , Mr. 


89 * 5 


Chap. 7. Truth and Falſchood. 404 


Mr. Locke obſerves, that truth and falſehood 
belong properly only to propoſitions . Truth i is, 


firſt, a conformity of the idea with the name; in | 


other words, that in the minds of different perſons 
the ſame name ſhall ſuggeſt the ſame idea. andly, 
A conformity of the idea with ſome real exiſtence. 
zdly. A conformity of one idea with another. 
The cauſe that a perſon affirms the truth of the 
propoſition, twice two is four, is the entire coinci- 
dence of the viſible and tangible idea of twice two 
with that of four, as impreſſed upon the mind by 
different objects. We ſee every where that ice 


two and four are only different names for the ſame 


impreſſion. Where the numbers are fo large, that 
we are not able to form any diſtinct viſible ideas of 


them, as when we ſay, twelve times twelve is equal 


to one hundred and forty-four, a coincidence of the 
words ariſing from ſome method of reckoning, and 
reſembling the coincidence of words, which attends 
the coincidence of ideas in the ſimpler numerical 


| propoſitions, is the foundation of our rational aſſent ; 


for we often do, and might always verify the 
ſimpleſt numerical propolinens by reckoning up the 
numbers F. 

Thoſe judgments, which relate to determining the 
probability of future events, appear to be little 
more than accurately remembering, and ſelecting 
ſuch principles as relate to the matter in contem- 


plation. We can gueſs at the future only from the 


paſt. As when certain appearances happen, we 
remember, that the ſame appearances were formerly 
„B. ii. c. 32. 
4 Hartley on Man, Prop. 38, 
attended 


12 
1 


494 Feniti. [Book X, 


attended 1 certain conſequences the whole 
event is therefore preſented to our minds, though 
not yet completed. The great difficulty i is, to re- 
collect accurately in what particular circumſtances 
the preſent matter agrees with the paſt, and the 
degree of probability will be in an exact propor- 
tion to the circumſtances in which they agree. 
Thus we ſee memory furniſhes the materials for 
the judgment; the concluſions drawn partake much 
| of the nature of 1 invention. In this the two facul- 
ries in a manner meet; and ſor this reaſon I con- 
clude they are radically the fame, only differently 
exerted. Reaſoning i is a chain of judgments founded 
one upon another. It is the arithmetic of words, 
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Cu r. VIII. 
OF WORDS. 


Ara and 2 neral — and Abuſes of N. d. 
| Thinking in Language. 


ORDS were adopted „ 

which a.re images of things; they are a 
fort of coin current among men to transfer their 
thoughts to one another . Words ſerve likewiſe 
to repreſent collect. ons of ideas, as is the caſe in 
general terms. 

On examining the aviacinles of language, it ap- 
pears, that the firſt word of every language relate 
immediately to things, their properties or actions. 
Men in a very rude ſtate of ſociety, have little uſe for 
abſtract or general reaſoning. All our adverbs, 

conjunCtions, and prepoſitions, were originally verbs 

or f ſubſtantives. 
To number would be inns difficult Waden 

words: they ferve to diſtinguiſh numbers, of which 


Words, in all men's mouths (that ſpeak with any mean - 
ing) ſtand for the ideas which thoſe that uſe them have, and 
which they would expreſs by them. Thus a child that takes 
Notice of nothing more in the metal he hears called gold, 
than the yellow colour, calls the ſame colour in a peacock's tail 
gold; another, that has better obſerved, adds to. ſhining yellow, 
great weight; and then the ſound gold ſtands, when he uſes it, 
for a complex idea of a ſhining yellow, and very weighty 
ſubſtance.'—Locke, b. iii. c. 2. 


+ See Mr. Horne Tooke's Epea. Pieroenta; and Eflays 
Hilrical and Moral, 


/ | | | =o 


495 Aſtract and general Terms. [Book X. 
we could have no diſtinct viſible or tangible ideas. 
The niceſt obſerver cannot have a diſtinct idea of 
ninety-nine, and another of an hundred, but by the 
words. | 
When ve obſerve any quality, or ſet of qualities, 
that are connected with ſeveral different objects, 
| we conſtitute thence an abſtract word, ſuch are 
roundneſs, whiteneſs, human nature, &c. 

General terms are forined, by obſerving that there 
are ſome qualities in which certain things agree, 
though differing in others; we rank, therefore, all 
the objects ſo agreeing under a general head, or claſs 
them. Theſe general terms do not excite any idea 
unleſs a particular one. Thus, if by the word man 
any idea is excited, it muſt be that of a particular 
man. The word animal is ſtill more general, and 
if any diſtinct idea accompanies it, it is only that of 
a particular animal. Yet in this caſe there is no 
danger of confuſion, if the general term is well 
underſtood, that is, if the particular qualities to 
which it is meant to refer are defined, and diſtin&tly 
pointed out, then any man or any animal will 
ſerve completely to repreſent the whole claſs in 
thoſe agreeing qualities, which the general term 
ſerves to exprels *, It is manifeſt this is a refine- 
ment of human invention to prevent the inconve- 
nience of conſtantly referring to proper names, 
which would be almoſt as laborious as the contriv- 
ance of Swift g philoſophers, to wann without 


In the whole buſineſs of genera and 93 the genus, 
or more comprehenſive, is but a partial conception of what is 
in the ſpecies, and the ſpecies of what is to nd TOY in each 

. Locke, b. iii. c. 6. 2 
word 


Chap. 8.) Judgment perverted by Words. 497 
words, by bringing the thing ſpoken of within ſight 
of the parties. 

The general terms Wp mixed modes, ſuch 
as parricide, virtue, &c. have only to be defined in 
the ſame manner, by pointing out the actions or 


qualities they are deſigned to repreſent, and there 
will be no danger of confuſion or miſtake. 


Words repreſenting complex ideas, which are 


objects of our ſenſes, are defined by enumerating 


the ſimple ideas of which they are compounded. 
Words repreſenting ſimple 1deas cannot properly 


be defined, for it is impoſſible to analyze the idea 
white, ſweet, &c. 


It is unneceſſary to ſay any thing of the nature 


and uſe of thoſe words called particles. Such 2 
diſquiſition would be better adapted to a gramma- 
tical treatiſe, than to the preſent work, . 
Words may pervert our reaſoning, either through 
paſſion or ignorance. As words, by being con- 
nected with objects, become in ſome meaſure ca- 


pable of exciting pleaſure and pain, ſo they may 


contribute to prejudice us for or againſt an object, 


when frequently united with it, as is evident in the 


uſe of the epithets _ fine, elegant, frightful, 
bad, &c.* 


Whatever 


* © It ought to be remarked, that the words and W of 
the parents, governors, ſuperiors, and attendants, have ſo great 
an influence over children, when they firſt come to the uſe of 
language, as inſtantly to generate an implicit belief, a ſtrong 
deſire, or high degree of pleaſure. They have no ſuſpicions, 
jealouſies, memories, or expectations of being deceived or diſ- 
appointed; and therefore a ſet of words expreſſing pleaſures of 
any kind, which they have experienced, put 3 in almoſt 

Vor. III. K k any 
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498 Diſputes ariſing from Words, [Book X. 
Whatever diſputes or miſconceptions ariſe from 
ignorance of words, they generally happen' in the 
names of mixed modes, or abſtract general terms; 
for in the uſe of thoſe words, which only repre- 
ſent complex ideas of ſenſation, there can ſcarcely 
be any miſtake. The miſtakes alluded to uſually 
happen, 1ſt. From an idea being omitted, which 
ought to have been comprehended in that definition 
of a general term, which every man makes in his 
own mind. As in chance-mealey, man-flaughter, mur- 
der, the principal idea is the ſame, yet the reſpeCtive 
words ſuggeſt an idea materially different. 2ndly. 
From ideas being admitred, which ought not to be 
comprehended in the general term. 3dly, From an 
obſcure or confuſed view of the meaning. 4rthly. 
Diſputes often ariſe, becauſe a man may have a part 
of the ideas, which are comprehended under the ge- 
neral word, more ſtrongly aſſociated with his other 
ideas than the reſt ; of courſe he will have a partial 
view, and his reaſoning will be biaſſed by a kind 
of prejudice. 
The firſt end of language is to make known our 
thoughts to others, in which we fail, 1ſt, When we 
uſe words without clear and diſtinct meanings; 
2dly, When we apply received names to ideas, to 
which the common uſe of language does not apply 
them; 3dly, When we apply them unſteadily. The 
ſecond end of language is to make known our 


any form, will raiſe up in thei a pleaſurable ſtate, and oppoſite 
words a painful one. Whence it is eaſy to ſee, that the fine 
language expreſüng praiſe, and the harſh one expreſſing diſ- 
praiſe, muſt inſtantly put them into à ſtate of hope and joy, 
fear and ſorrow reſpectively. Es Prop. 47. 


Fo 


Chap. 8.1 Abuſes of Language. 495 


ſible, and this men fail in when they want either 
names for complex ideas, or abſtract and general 


knowledge of things, and this cannot be done, but 
when the ideas agree with the reality of things *. 
Other abuſes of language, not noted above, are, 
1ſt, Affected obſcurity; 2nd, Taking words for 
things, as abhorrence of a vacuum, ſubſtantial forms, 
&c. to which I may add, taking memory, judgment, 
imagination, for diſtinct powers, and almoſt for diſ- 
tinct beings, inſtead of what they really are, only 


rative language. 


makes us think in language more than we other- 
wiſe ſhould do; yet it is ſeldom that a chain of 
thought is carried on in a regular chain of words, as 
if we were explaining our thoughts to another, un- 
leſs indeed when we con over a ſpeech or any tranſ- 
action where language is immediately concerned. 


o See Locke, b. iii. c. 9. 


thoughts wich as much eaſe and quickneſs as poſ- 


terms. The third end of language is to convey the 


different modes of the mind's acting; 3dly, Figu- 


The frequent uſe of abſtract and general terms 


+ 
——_ 
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OF PLEASURE AND PAIN. 


Pleaſure in conſequence of Action. By Affciation—By Paſſion. — 
Utility. e weh W — Reg ularity.— Imagination. 


O excite us to the actions of thinking and 
motion (ſays Mr. Locke) the author of 
nature has Joined to ſeveral thoughts. and ſenſa- 
tions a perception of delight; without this we ſhould 
have no reaſon to prefer one thought or action to 
another, motion to reſt ; in which ſtate man, how- 
ever furniſhed with the faculties of underſtanding, 
&e. would be a very idle inactive creature, and paſs 
his time only in a lethargic dream. Pain has the 
fame effect (continues he) to ſet us on work that 
pleaſure has ; fince we are as ready to avoid that as 
to pur! ue this.“ 

It is evident that pain and pleaſure are relative 
terms, expreſſive of an alteration in the ſtate of the 
perſon, bodily or mental. 1ſt. Some degree of 
pleaſure or pain attends almoſt every impreſſion on 
the five ſenſes. 2dly. Relief from an uneaſy ſitua- 
tion is pleaſure ; thus, the wants conſequent on our 
natural appetites are painful, and to fatisfy them 
pleaſant f. 3dly. The recollection of the ideas of 

thoſe 


At 40 chapter the ſecond part of this book commences, 

or that which treats of the active powers of man. 
+ The appetites, which are the ſprings of the paſſions, are, 
hunger, thirſt, and the deſire of procreation. The bodily af- 
7 feQtions 


Chap. 9.1 Pleaſure from Action. 501 
thoſe things which are hurtful to the body, or ideas 
aſſociated with them, is productive of trouble to the 
mind, and the contrary *, as will be amply proved 
in the progreſs of this volume. + 
So far is evident from experience. To aſcertain 
the nature and cauſe of painful and pleaſurable ſen- 
fations is an inquiry of ſome difficulty. Anatomiſts 
and Phyſiologiſts are, I apprehend, very generally 
agreed in one point z it will. therefore be ſufficient 
to ſubjoin the opinion of one of the moſt eminent, 
_ eſpecially as the ſubject has been in part inveſtigated 
on a former occaſion f. © Al I ſhall aſſume (ſays 
Dr. Monro) is what is founded on experiments, 
that ſenſation and motion do depend upon the 
nerves; that ſenſations are pleaſant as long as the 
nerves are only gently affected, without any violence 
offered to them ; but as ſoon as any force goes 
beyond this, and threatens a Gluten” of union, 
it creates that uneaſy ſenſation, pain.“ 
If we examine the whole of human life, we mall 
find almoſt the whole of poſitive pleaſure to conſiſt in 
action of ſome kind. Sleep will hardly come under 
the denomination of poſitive pleaſure. It is de- 
fired, becauſe it produces a relief from wearineſs, 
and is a ſtate to which our bodies naturally tend 
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fections productive of pain and pleaſure, and which are con- 
nected with the ſenſe of feeling, are, ſickneſs and wearineſs, 
and to theſe we may oppoſe the feeling of health and vigour, 


and the ſenſation of life, or the pleaſure attending the moderate 
action of our ſenſes, 


The expreſſion of pain in the countenance is much the 


ſame, whether bedily or mental, only differing in the. _—_— 
+ See book ix. c. 36. 


1 Cheſelden's Anatomy, chap. Nerves, 
— K k 3 | when 


* 


— — —— ——— ˙ *r¾,ñ 
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802 5 Pleaſure from Action. [Book X. 
when fatigued; otherwiſe it is a ſtate of inſenſibi- 
lity, and it would be an abuſe of language to call 
it pleaſure. Some impreſſions are primarily grate- 


ful and others diſagreeable. That the painful and 


diſagreeable are ſuch by an intenſe degree of agita- 
tion, which ſtrains and prejudices the organs of 


ſenſe, is probable. It is alſo probable, that the 
agreeable follow the general law of our nature, and 


are pleaſing an account of the gentle yet lively 
action or agitation excited in us. There will re- 
main little doubt of the truth of this doctrine, if we 
conſider that light and heat in a moderate degree 


are productive of pleaſure, and in greater quantities 


hurt by their intenſeneſs; that many acids, &c. 
which, when diluted, are agreeable to the taſte, are 


bighly painful when applied pure and unmixed “. 


In fine, abſolute reſt is the death of ſenſe. Motion 
is the very characteriſtic of animal life; and moſt 
of our intellectual as well as ſenſible pleaſures ſeem 
to depend on a moderate increaſe of action. Re- 
calling an old idea, which is connected with a train 
of other ideas, is manifeſtly pleaſing; and this ap- 
pears to reſult from the gentle agitation imparted 
to the organs of thought. The muſic was like 
the memory of joys that are paſt, mournful, but 
pleaſant, to the ſoul.” The pleaſures of the imita- 
tive arts, of figurative language, of the ſublime, the 
„ There is no one, of ever ſo little underſtanding in what 
belongs to a human conſtitution, who knows not, that, without | 
action, motion, or employment, the body languiſhes; and is 
oppreſied, &c. « In the ſame manner the ſenſible and living 


Part, the ſoul oc mind, wanting. its Proper. and natural exerciſe, 
is burthened and diſeaſed,” &c, 


Shafteſbury * Con. Virtue, b. Ul, p. „ 
beautiful, 


Chap. 9.] | Cauſes of Pain, - $03. 


beautiful, and ſtill more, the 3 of \Fariety, 
will meet an eaſy ſolution on this principle “. 

Of pains, ſome are poſitive, as really affecting 
the body f, others only affecting the mind by be- 
ing connected with painful ideas; and further, pain 
is generally conſequent on the abſence, or depriva- 
tion of pleaſure; that is, our expectations are diſ- 
appointed, and we are robbed of the pleaſure of 
hope, for we are ever in purſuit of pleaſure; but 
the pain is always greater in proportion as the ex- 
pectation was probable. Thus, there are many 
ſounds, which, though very diſſonant, ſcarcely give 
us pain; yet to a good ear the ſmalleſt diſſonance 
in muſic is offenſive, The ſame may be OO 
in painting, architecture, e. 

Our ideas flowing naturally in a train, whatever 
is introduced forcibly, and bearing nor an imme- 
diate connection, pains the mind, becauſe it diſtracts 
it with the variety of ideas, which are crouded to- 
gether by the collateral circumſtances introduced 
by i it, as well as thoſe depending on the former train 
of thought. 


* This is to be underſtood, however, as nothing more than 
an attempt to account for the nature of pleaſure and pain; and, 
I own, it appears to me the moſt rational 1 have ſeen, The 
eſtabliſhment or rejection of this doctrine will not affect the truth 
of my general principles; and I can ſtart fairly with this ſelf. 
evident maxim, that pleaſure and pain are the effects of certain 
impreſſions on all our ſenſes, and that the cravings of the ap- 
petites are painful, and the gratification of them adminiſters 
pleaſure. 

+ « Since the pains of feeling are far more numerous and 


violent than thoſe of all our other ſenſes put together, the 


greateſt part of our intellectual pains are deducible from them. 
ane on Man, prop. 13. 
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504 Pleaſure and Pain from Aſſociation. [Book XN. 

An impreffion, which was painful, will leave a 
trace or idea of pain behind it, and a pleaſurable 
impreſſion an agreeable idea ; theſe, it is plain, may 
be excited by any of the aſſociated circumſtances, 
But the ftrongeſt relation is that of cauſation. 
What we conceive to be the cauſe of painful or 
pleaſurable ſenſations will be intimately combined 
with thoſe ideas; and hence we always love or hate 
moſt vehemently what we conceive to produce 
_ Pleaſure or pain. But as the principle of aſſocia- 
tion is not confined to the relation of cauſe and 
effect alone, any other circumſtance aſſociated by 
contiguity of time or place, or even by reſemblance, 
will partake of the paſſion. It is well known that 
the very ward phyſic conveys a diſagreeable idea to 
children, who have been compelled to take nau- 
ſeous draughts, and they can ſcarcely endure the 
perſon of the apothecary. The mention of parti- 
cular medicines will ſometimes excite vomiting in 
very delicate and irritable habits. Some medi- 
cines, palatable in themſelves, from the idea of 
their painful effects, we nauſeate. 

The ſenſible pleaſures are greater in number 
than the ſenſible pains. Of this, waving any ab- 
ſtract reaſoning, ſuch as the love of life, and the 
pleaſures of habit, any man may be convinced, who 
will be at the trouble of enumerating them, Now 
our intellectual pleaſures and pains are combina- 
tions of the ſenſible, and of courſe our pleaſures. 


will be more numerous than our pains. Ideas ſeem 


to have a ſimilar effect on the mind to what ſome 
applications are ſaid to have on the body, which are 
ſedatives when applied in large quantities, and ſti- 

| mulants 


Chap. 9.] Hitellectual Pleaſures very numerous. 50g 


mulants in ſmall. The ſight of tortures chills 
the whole ſoul, and produces almoſt a total ſtagna- 
tion of thought * ;” but relations of tortures have 
never any ſuch effect, and men ſeem to find them 
agreeable, by the avidity with which they liſten to 
them. The trath is, a very violent mental agita- 
tioh is required to produce pain, and every mode- 
rate agitation will produce pleafure : a proof that 
the intellectual pleaſures muſt be very numerous, 
and the intellectual pains very few. A deſeription 
of a ſtorm or battle, which is really compoſed of 
painful or diſagreeable ideas, will excite in very 
few a degree of agitation which ariſes to pain, and 
moſt people experience an actual pleafure from 
theſe deſcriptions. The very deformities of nature, 
a rugged and frightful hill, or a ſtorm of lightning, 
give us pleaſure, when exactly copied; and we 
read with pleaſure even of ill actions, and ſee the 
cruelties of tyrants repreſented on the theatre with 
a kind of ſolemn delight f. This can only reſult, 
iſt, From the mental agitation, which theſe trains 
of thought produce. 2dly, From ſome agreeable 
ideas, which may be connected with the train of 
thought; for the mind is ever ready to turn and 
embrace pleaſing aſſociations, and ſeldom fond of 


* Gerard on Genius, part ii. ſ. 4. 

+ At the ſubſiding of grief there is a certain melancholy 
pleaſure. A diſtant view of the misfortunes of others affords 
a ſimilar ſenſation; but they produce pain if they touch us 
nearly; and ſome hearts are ſo ſuſceptible, that they are moved 
much eaſier than others. On the imagination being excited to 
action, we feel a moſt agreeable ſenſation ; and it is a common 
maxim among authors, to leave ſomething to the imagina- 


| tion. 


purſuing 


506 Pleaſure from Uillity, [Book X. 
purſuing a diſagreeable train. 3dly, Variety is ge- 
nerally connected with rude nature, and imperfe&t 
characters. 

The pleaſure ld from n narratives of appa- 
ritions, enchantments, &c. may be accounted for 
on the ſame principles ; and from the pleaſure at- 


tendant on them reſults the eaſy belief which men 
afford to ſuch fancies. | 

Ihe pleaſure of utility reſults from the ideas of 
Pleaſure that are aſſociated with the ends of any 
work or undertaking. Hence theſe pleaſurable 
ideas become aſſociated with the employment itſelf. 
Though in ſome inſtances this effect may be coun- 


teracted “, the W pringple holds nevertheleſs 
true. 2044 
"Pleaſure 


* « A priſon is certainly more uſeful to the public than a 
palace; and the perſon who founds the one is generally di- 
rected by a much juſter ſpirit of patriotiſm than he who builds 
the other. But the immediate effects of a priſon, the confine- 
ment of the wretches ſhut up in it, are diſagreeable, and the 
imagination either does not take time to trace out the remote 
ones, or ſees them at too great a diſtance to be much affected 
dy them.“ —5mith', T heor, Mor. Sent. part i. ſ. 3. c. 3. 

On the contrary, we may add, the pleaſure, the gaiety, the 
greatneſs of thoſe who inhabit the 9 naturally affect the 
mind with pleaſing ſentiments. 

6 Trophies of the inſtruments of mae or of agriculture, 
imitated in painting or ſtucco, make a common and an agree- 
able ornament of our halls and dining rooms. A trophy of the 

fame kind, compoſed of the inſtruments of ſurgery, of diſſect- 
ing and amputation knives, &c. would be abſurd and ſhock- 
ing. Inſtruments of ſurgery, however, are always more finely 
poliſhed, and generally more adapted to the purpoſes for which 
they are intended, than inſtruments of agriculture. - The re- 
mote effects of them 1 the health of the Patient, is agreeable; 
eg 


| Chap. 9.] Pleaſure from Surpriſe and Variety. oy 
- Pleaſure may reſult from /urpriſe on ſeveral ac- 
counts. The agitation which a moderate ſurpriſe 


occaſions is agreeable ; but the ſurpriſe which is 
united with the ſatisfaction of finding ourſelves ſafe, 


after fancying we were in danger, is ſtil} more ex- 


quiſite; and, perhaps, the moſt exquiſite of all is, 


when we find occaſion for ſelf-commendation, as in 


ſolving a problem, &c. 
The pleaſure of variety ſeems to bo-the effect 


chiefly of the moderate, and yet lively agitation, | 


which ſeveral trains of thought induce. _ 
Though it appears from all that has been ſaid, 


that gentle agitation is in general productive of 


_ pleaſure, yet the mind has likewiſe a natural love 
of eaſe, and will not bear much fatigue; a little 
exertion ſoon tires it; for this reaſon, regularity is 
pleaſing, and the contrary, We readily embrace a 
regular figure; the train of thoughts flow naturally 
to the different parts; we comprehend it; our 
mind is ſatisfied with it. We purſue, with a kind 
of eaſy emotion, a regular ſeries; and hence it is, 
that men have been fo fond of reaſoning from uni- 
verſal axioms. The irregular pleaſes in the works 
of nature from cuſtom, and the ideas connected 


with them. Nevertheleſs, where the end is plea- 


ſure, we may lay it down as an uhiverſal rule, that 


yet as the immediate effect of them is pain and ſuffering, the 
fight of them always diſpleaſes. —16. ' 

- « Inſtruments of war are agreeable, though their imme- 
diate effect may ſeem to be, in the ſame manner, pain and ſuf- 
fering ; but then it is the pain and ſuffering of our enemies, 
&c, With regard to us, tney are immediately connected 
with tho * ideas of courage, victory, and honour.”— 
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508 5 Pleaſures of Imagination. [Book X. 
an object ought to poſſeſs ſome degree of variety, 
without entirely departing from that uniformity we 
on RD | 7 | 

The pleaſures of the imagination I have aſſerted to 
be much more numerous than the pleafures of ſenſe ; 
and theſe reſult, firſt, from whatever of the beauti- 
ful is poſſeſſed naturally by the objects deſcribed. 
adly, From the aſſociations of pleaſure originally 
deduced from the ſenſes with other ideas. 5 


% 


CHAP: 


Chap. .. . £$. 


Cu 4X. 
OF LOVE AND HATRED. 


Dyfaition of Love.—Origin of the Social Paſſon—Diſlike and 
atred.— Dęfire and Averſion, 


OVE is the idea of pleaſure aſſociated with 
L another idea. Some of the firſt impreſſions 
of pleaſure an infant receives are by the gratifica- 
tion of its appetites. Its firſt emotions of love are, 
therefore, towards the. being that ſupplies it with 
food, &c.; and it is obſervable, infants never fail in 
this love. The idea of pleaſure is in reality firſt 
united with the food itſelf, and of courſe tranſ- 
ferred to it, and thence to the object by whom it is 
ſupplied. All our wants are ſatisfied (particularly 
in our tender years) by means of our own ſpecies ; 
hence the moſt agreeable ideas are united with 
them, and fo often repeated, that in time the love 
of mankind becomes, in a manner, a neceſſary part 
of ourſelves; and from this ſource may proceed 
the ſocial affectionss. 
' Diſlike and hatred are the oppoſites to love, and 
reſult from the idea of pain combined with another 
idea. A child ſhall have no diſlike to a certain me- 
dicine, till after it has produced nauſea, or ſome 
painful ſenſation, and thenceforward he will ſcarcely 
hear it named without expreſling his averſion. * 
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The idea of pleaſure deing annexed to a thing, conſtitutes 5 


it, as we ſay, good. The idea of pain (either immediate or re- 
lated) 
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510 Scurces Defre. [Book X. 

The paſſions have been analyzed, and thus re- 
duced to love and batred by ſome of the oldeſt 
writers on the ſubject now extant. It is evident, 
that defire and averſion are the ſame paſſions made 
active. Inanimate things may be the objects of 
love or diſlike. The houſe which we have long 
lived in, the tree whoſe verdure and ſhade we have 
long enjoyed, are looked upon with a fort of re- 
ſpect f. The Dryads and Lares, a ſort of genii of 
trees and houſes, were probably eſe © erred * 
this kind of affection. 

Deſire or the ſenſation of want, may be either 
ſenſual or imaginary ;. it may be fixed on the plea- 
ſure of gratifying an appetite, or on the delight ac- 
cruing to the eyes or ears from the perception of 
beauty. When inſtruction, education, or preju- 
dice of any kind, raiſe a deſire or averſion towards 
an object, it muſt be founded on an opinion of ſome 
quality, for the perception of which we have the 
proper ſenſes. Thus, if beauty is deſired by one, 
who has not the ſenſe of ſight, the deſire muſt be 
raiſed by ſome apprehended regularity of figure, 
ſweetneſs of voice, ſmoothneſs, or ſoftneſs, or ſome 
other quality perceptible by the other ſenſes (with- 
out relating to the ideas of colour 50 or from the 
commendation of others. 


lated) evil. „ Theſe (as Mr. Locks arm) are the hinges | 

on which the paſſions turn.” See Locke, b. ii. c. 20. 

- + Smith's Theory Mor. Sent. part il. {. 3˙6 1. 
1 Hutcheſon, 


CHAT. 


Chap. 11. ! [ 3˙˙½⁰ Jo 
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OF BE A U T V. 


95 Brat in 7 8 a From Au- 
and Ar. Fo. +: 


ſome quality in objects capable of exciting 


unmixed ideas of pleaſure, independent of the gra- 


tification of any of the animal appetites. This 
definition does not differ much from that of Plato, 


e To di orvriog xa axouns ndu af or Perhaps we give 


this pre- eminence to the pleaſures not depending 
on appetite, as they are the moſt n _ 
leaſt liable to diſguſt and ſatiety F. 

The principal diſtinction between the nnen 


afforded by ſublime objects, and that by thoſe which 
we term beautiful, ſeems to be, that the latter is 


pure unmixed pleaſure from the gentle: agitation, 


whereas the former borders upon pain (ariſing from 
ſome compound of the paſſion of fear) and is oſten 


not unmixed with actual pain, and always requires 
a greater exer tion, and produces a more violent agi- 
tation of the organs of ſenſe. a 


„ % The pleaſant to the 25405 of ſight and hearing. Plato, 
Hippias major. 
+ Ib. Beauty is never properly applied to the ſenſe of taſting, 
as it ſeems too coarſe an enjoy ment to be reckoned among the 
rational ones, 


The 


E may ſay in 3 of beauty, that it is 
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512 Pleaſure from riſible Objects, c. [Rook X. 

The pleaſure afforded by riſible objects“ is not 
chat tranquil pleaſure which ariſes from the con- 
templation of beauty, neither is it pure or un- 
mixed pleaſure. Contempt, or ſome painful paſſion, 
is generally in ſome degree e with the 
riſible idea. 

The primary conſtituents of beauty bem all of 
them to be ſuch as promore gentle agitation, and 
thus increaſe our ſenſe of life. Such are, iſt, 
Lively colours, where they are not ſo ſtrong, or the 
application ſo continued, as to produce pain . The 
young man couched by Cheſelden thought ſcarlet 
the moſt beautiful colour, and of others the gayeſt 
gave him moſt pleaſure. The firſt time he ſaw 
Black it gave him great uneaſineſs . adly, Variety 
and contraſts of colours, where the tranſition is lively, 


* Riſibility is often productive of pleaſure, as are ſome other 
affeftions which have no relation to what is called beautiful. 
Beauty ſeems moſt properly applied to a pleaſing idea excited by 
ſome external obje& ; but moſt frequently our ideas of beauty 
ariſe from aſſociations, as the ſenſe of propriety, eaſe, &c, &c. 

1 © It is evident that gay colours, of all kinds, are a princi- 
pal ſource of pleaſure to young children; and they ſeem to 
ſtrike them more particularly, when mixed together in various 
ways.” — Hartley on M. Prop. 22. 

„In adults the pleaſures of colours are very languid in 


compariſon of their preſent aggregates of pleaſure formed by 
aſſociation.— Ibid. 


Grcen, the middle colour of the ſeven primary ones, is moſt 
grateful. a 

t Cheſelden's Anatomy, p-. 301. The boy couched by 
Cheſelden was moſt pleaſed with red, perhaps, becauſe it was 
the completeſt exertion of his newly acquired faculty. He 
dreaded black, probably, becauſe it reſtored him to his former 

ſtate, and was in fact a partial negation of ſenſe. 


5 : _ wirhout 


| Chap. 11.] Source of the Beautiful in Compoſition. 513 


without being too abrupt. Females of taſte make 


much uſe of this principle in the choice of their or- 
naments of dreſs. 3dly, Certain ſounds and com- 
binations of them, analogous to thoſe of colour juſt 
mentioned. 4thly, F lowing ealy motion, with= 
out that violence which gives a double ſenſation of 
pain, viz. beſides the harſh effect to our ſenſes, 
an aſſociated pain, by putting ourſelves in the place 
of the object. 5thly, The agitation which a water- 
fall, a varied proſpect, or an high aſcent, produces, 


may be a ſource of that kind of pleaſure we aſcribe 


to beauty, even independent of the aſſociated ideas. 
Hence it follows, that figures, which poſſeſs variety 
without any thing harſh or abrupt, the waving line, 
running water, and many of thoſe conſtituents of 
beauty remarked by painters, are naturally and pri- 


marily ſuch. Theſe when ſo diſpoſed as not to 


contradict any attachment eſtabliſhed by cuſtom, 
and ſtill more when they coincide with it, as when 


nature is imitated in a fine landſcape, or deſcribed 


in a poem, never fail to give pleaſure ; and hence 
it appears, that authors have miſtaken who have 
deſcribed that which is moſt fir and regular as the 
moſt beautiful. Admitting, in the inftance adduced 
by Plato *, that the wooden ſpoon might be moſt 
uſeful and proper; yet if even the value is ſet aſide, 


I apprehend the golden one would be allowed to 


poſſeſs the moſt intrinſic beauty. 

The aſſociations that ariſe originally from the 
pleaſures of ſenſe may become ſo diſtant, that we 
loſe ſight of their origin; and to an object in this 
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„ Beauty from Aſſociation, [Book X. 
caſe conveying pleaſure, men univerſally aſſign the 
epithet beautiful, Though it is probable, that moſt 
frequently ſame of the primary conſtituents of 
beauty will be compounded with it, and of this 
mixed nature are moſt of the objects we denomi- 
nate beautiful, as a fine houſe, a landſcape, a run- 
ning horſe, &c. On this account it is worth ob- 
ſerving,. we often find a whole to poſſeſs beauty, 
which by no means reſides in the conſtituent parts *. 
The ſimple conſtituents of beauty have but little 
influence when put in competition with the deſire 
of gratifying the appetites, or the fear of pain; to 
illuſtrate this, I ſhall only mention a univerſal and 
common prejudice. There is 'nothing really de- 
formed in ſerpents; on the contrary, many of the 
acknowledged conſtituents of beauty, ſuch as lively 
colours, variety, &c. are found in them; yet from 
a knowledge of their noxious properties we cannot 
by any means bring ourſelves to view them with 
that pleaſure which beautiful objects ought to in- 
ſpire. An object which is beautiful will impart a 
virtue to every thing connected with it. Things 
prepoſterous and deformed in themſelves are re- 
conciled to us when worn by a beautiful perſon ; 
and hence faſhion derives its extenfive influence. 
On the contrary, what is worn by ruſtics is leſ- 
ſened in our eſtimation by the awkwardnefs of the 
wearer. Men admire the very defects of their 
miſtreſſes, and often . of beauty th their pe- 


culiarities. 


— 


1 Hippias Maj. ad. fin. - 
*Amatorem 


Chap. 11. ] Uniformity and Diverſity of Taſte. 315 


« Amatorem quod amicz 
« Turpia decipiunt ccecum vitia aut etiam ipſa hæc 
s« DeleQant ; veluti Balbinum polypus Hagnæ .“ 


Herice we may in a great meaſure account for 
both the uniformity and diverſity of taſte prevalent 
among mankind: There are ſome objects and qua- 


lities, which intereſt and are pleaſing to every man; 


others, with men differently circumſtanced, receive 
a colour from other ideas, with which they may 


be connected. The human form is the moſt. 


pleaſing of all forms to every man, becauſe from 
ſociety he has derived all his choiceſt pleaſures ;' 
but whether white or black is to be preferred, 
whether an aquiline or a flat noſe, will, perhaps, 
depend on early aſſociations to determine. 


The influence of aſſociation over our ſenſe of 


beauty is further obvious in this, that ſcarcely 
any man exiſts, who does not annex to particular 
ſets of features good and bad moral ideas; and theſe 
will probably be drawn from particular perſons. 
I knew a celebrated painter, whoſe beſt hiſtorical 
figures all bore ſome reſemblance to himſelf; and 
others have been known, who conſtantly copied 
their own wives as the perfection of beauty. 

Rural beauties are ſo compounded of the primary 
conſtituents of beauty, united with ſo many things 
that gratify our appetites and ſenſes, together with 
many complex nn, ſuch as _ and paſ- 


* The dreſs of a judge or a clergyman, even when ſeen o 
the ſtage, is accounted elegant and nn and ſuggelts cor- 
reſpondent ideas. 
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516 Rural Beauties. [Book X. 
times, the amorous pleaſures, &c. that it is no 
wonder theſe, with the encomiums of others, 
which have always an influence on imitative ani- 
mals, ſnould make them the almoſt unceaſing theme 


of poets. Of the beauties of art I ſhall treat in 
another chapter. 


CHaP. 
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CAA. XII. 


OF CUSTOM. 


Pain from Cuftom.=Pleaſure.— Admiraticn. 


a * 5 
WO obſervations naturally occur, when we oY} 
contemplate the force of cuſtom : 1ſt. That . 
when we have been long uſed to ſee two things to- 1 
gether, we do not with perfect pleaſure endure to 7 
behold them ſeparate. This is, in truth, a ſpecies | 4] 
of diſappointment. The idea appears incomplete; . 
there is a want, and a painful ſenſe of want. Thus 5 of 
a cow with but one horn, or a dog with one ear, is Wh 
a diſagreeable object, though, doubtleſs, if they had . 
been created with but one, two would have been Fl 
accounted a deformity. 6 
2dly. It is commonly remarked, that cuſtom * 
will make us love almoſt any thing, and will re- 1 
concile us to almoſt any condition. The force 8 
of cuſtom here ſeems to depend entirely on the | Ah 
principle of aſſociation. We have already ſeen * 


that pleaſures are more abundant than pains. There 
is, therefore, ſcarcely any ſtate in life, which will 
not be productive of many agreeable ideas; theſe 
ideas become connected with the objects and ac- 
tions which have occurred, while they have re- 
mained impreſſed upon the mind; the idea, there- 
fore, that imparted the pleaſure, and the other idea, 
will become blended together; nay, the ſenſe of 
pleaſure will be transferred from the @rmer to the 
LL3- latter, 
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518 Source of habitual Vices. I Book X. 


latter, fo that it may recur united with a ſenſe of 
pleaſure, even when the object that originally im- 
parted the pleaſure is forgotten, Thus it is not at 
all uncommon to hear perſons ſpeak ; in rapturous 
terms of their paſt ſituation, when it is impoſſible 
for them to recount the reaſons why it was fo agree - 
able; or, if they were to attempt to recount them, 
they would probably not aſſign the true cauſes. 
Actions and things in themſelves indifferent thus 
borrow pleaſures from others, and by this means 
attach us to them, as we have ſeen that faſhions, 
without any one original principle of beauty, nay, 
even deformed in themſelves, obtain reſpe& and 
admiration from the beauty of the wearer. 
It is thus that card playing, and ſome other ha- 
bitual vices, not in themſelves pleaſant, acquire an 
empire over us. The deſire of imitating others 
has, we will ſuppoſe, been our firſt motive for en- 
gaging in them; they have been united in the 
courſe of our purſuing them with the pleaſures or 
. fociety, the occaſional gratification of avarice, the 
pleaſure of ſurpriſe, &c. and thus afterwards ap- 
pear as pleaſant themſelves from their borrowed 
luſtre. 
© Whether the love of life infelf is an innate prin- 
ciple has been diſputed; for though infants fear 
pain, yet they have no apprehenſion of death, till 
reaſon has ſo far made a progreſs, as to inform them 
that it is connected with pain, and life with happineſs. 
The love of life is generated from the ſenſe of plea- 
ſure reſulting from the goods we poſſeſs in it; and 
this affords no inconſiderable proof that the good i in 
the world — the evil. 8 ſtrongly, in- 
9 deed, 
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deed, are the ideas of life and happineſs ae 


that moſt men would rather live miſerable, than not 


live at all: thus again we ſee that an aſſociated af- 
ſection may overcome and counteract the natural 
affections, and even thoſe that gave it birth, 
It will be unneceffary to add any more in this 
place on this ſubject, or to endeavour to prove more 
at large the influence of cuſtom. To an attentive 
reader, many facts throughout the remainder of this 
work will occur to confirm it, and almoſt all that 
has been ſaid of a ſenſe of beauty derived from aſſo- 
ciation will apply likewiſe to moral beauty *. Ir is 
obſervable, that every nation and every age has a 
faſhion in thinking as well as in dreſs; and the 
whole caſt of thinking will be more uniform than 
men uſually ſuppoſe. The ſports of nations par- 
take of the nature of their government, and- their 
political prejudices and intereſts. Gladiators and 
mock battles were the favourite nnn of the 
warlike Romans. 


Men love what is uncommon at firſt, 3 


what produces mental agitation produces pleaſure ; 


* « In the reign of Charles II. a degree of licentiouſneſs was 
deemed the characteriſtic of a liberal education. It was con- 
netted, according to the notions of thoſe times, with generoſity, 
ſincerity, magnanimity, loyalty, and proved that the perſon who 
ated in this manner, was a gentleman, and not a mrs Hara 
Smith's Th. M. S. pt. 6. ſ. 2. 

In the ſame manner as you are induced to love nd imitate 
whatever is connected with a pleaſurable or beautiful object, you 


will endeavour to avoid what is connected with pain or de- 


formity. Hence men often act in extremes. Lord Bolingbroke 
aſſerted, that what firſt gave him a diſtaſte to religion, was the 
an ſeverity in his own family. 
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5260 Force of Cuſtom. [Book X. 
and there is no paſſion produces ſo much mental 
agitation within the limits of pleaſure as admira- 
tion; they afterwards expect a renovation of that 
pleaſure, which was only the effect of ſurpriſe; 
and often the very recollection of that en will 
keep alive the mas | 


Cnar. 


CHA P. xIn. 


THE PASSIONS. 


Of the Paſſions in general. Particular Paſſions. Aſſcciated 
Paſſions =Paternal Love,—Sympathy.— Avarice— Ambitiaz. 
Lowe. 


T may prove of the higheſt importance in 
morals to analyze the ſeveral affections and paſ- 
ſions. The general cauſe has been already traced 
to the ſimple ſenſe of pleaſure and pain; we have 
ſeen further what it is that is called a ſenſe of 


beauty *; and now, from the ſeveral modifications 


and combinations of theſe, we ſhall, perhaps, be 
able to form at leaſt a conjecture how other more 
complex paſſions come to be formed. 


Love having been proved to proceed from an 


idea of pleaſure combined with another idea, and 
_ diflike, or hatred, from an idea of pain combined 
in the ſame manner; deſire and averſion have been 
ſhewn to be no other than theſe paſſions more ac- 
tively exerted. Love in the extreme, without de- 
fire, is admiration. Deſire, when applied to the 
gratifying of certain natural wants of our bodies, is 
called appetite. Jay is the poſſeſſion of a thing 
loved, a lively ſenſe of preſent good. Grief is a 
ſenſe of diſappointment, or good loſt, Fear is the 


ſenſe of pain, or averſion, united with grief. Anger 


* Hartley denominates the paſſions, « aggregates of the 
ideas, or traces of the ſenſible pleaſures and pains.” How 
they Decome united into the moſt common affections it is our 
nn to ex explain, | 
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1 __. Analyſis of | © [Book X. 
1s an extreme of averſion, united with a deſire of 
removing the object. Revenge is a continuance of 
| anger. Envy is anger excited through the deſire of 
| poſſeſſing what another man is poſſeſſed of. Hatred 
is the continuance of envy or reſentment. Hope is 
a mixture of deſire and joy. Pride is ſelſ- ſatisfaction, 
and is to ambition what joy is to deſire. Contempt 
is a low degree of hatred or averſion, without any 
mixture of anger or of envy. Curioſity is deſire ex- 
cited by the natural love of action, often ſtimulated 
by appetite, or quickened by the love of beauty. 
Sbame is fear ariſing from the ſocial affections; that 
is, a fear of having done ſomething that may leſſen 
us in the eſteem of others; it js the oppoſite of Va- 
nity. Dejpair is nothing but an exceſs of grief. 
Perhaps the annexed ſcheme may contribute to 
elucidate the progreſs of the paſſions, 
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There is ſcarcely any ſuch thing as a ſimple 
paſſion; even thoſe which I have here ſpecified are 
generally compounded with each other. Whatever 


ideas are predominant will determine the bent of 
the paſſion, much depending on the pecuhar tone 


of the organs at different times. Some pales 


more eaſily mix than others. 

Paſſions naturally terminate, when their end is 
accompliſhed, This, however, does not happen 
in all caſes, It was remarked, that an impreſſion, 


as it is more vivid, remains proportionably longer 


on the organ of ſenſe; all the component ſimple 


parts of it are more ſtrongly impreſſed, and it is 


aſſociated with a greater number of ideas. Im- 


preſſions accompanied with pain or pleaſure are 


more vivid in proportion to the degrees of pain or 
pleaſure, and ſuch we muſt remember are all paſ- 


ſions. Theſe impreſſions and ideas are of courſe 


more vivid than any others, of courſe aſſociated with 


a greater number of ideas, all of which will ſerve 


to recall them, and thus a paſſion becomes the 


cauſe of its own continuance, and by this means 
influences our train of thinking. 


From what has been ſtated it appears, that 3 
ſions are transferable from one object to another. 
An idea being often repeated with an idea which 
we love, and which of courſe gives us pleaſure, we 
come at laſt to love the idea whic: was at firſt in- 
different. What is more common than to love 


the children of thoſe whom we eſteem, and that for 


no merit or beauty in the children themſelves ? 
In parental love, the paſſion is in part transferred 
from felf to the offspring. The mother, during 


mhh L6 nets ARA 6 
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her pregnancy, connects the idea of the infant in 
her womb with a number of agreeable ideas, with 
pleaſure and with hope; hence maternal love is 


ſtronger at firſt than paternal. The idea of duty, 


and the example of others, tend to increaſe the 
paſſion; afterwards cuſtom, and the little cares 
about them. It is obſervable, that the love of 
parents is weak at firſt ; but love ruſhes in by little 
aflociations as from a thouſand ſources. 

On this principle depend ſome of the ſtrongeſt 
affections that ſway the human race. Every deſire, 
for inſtance, is attended with a degree of uneaſi- 
neſs; to remove it, therefore, is pleaſure. Now, 
when men once perceive certain agreeable conſe- 
quences from obtaining an object, a deſire of ob- 
taining it enſues ; this deſire will be liable to be 
renewed, and will be renewed ſimply as a deſire, 
without any retroſpect to the firſt motives, This 
is evidently the caſe in avarice, where, dropping 
the immediate ſteps between money and happineſs, 
men form a connection, which does by no means 
naturally and immediately exiſt, and love the trea- 
ſure for its own ſake. © The ſame might be ob- 
ſerved concerning the thirſt of knowledge, the de- 
light of reading, planting, &c. Theſe were firſt 
entered on with a view to ſome farther end, but at 
length become habitual amuſements ; the idea of 
pleaſure is aſſociated with them, when the firſt rea- 
ſon 1s quite vaniſhed out of our minds ; nay, we 
find this power of aſſociation ſo great, as not only 


to tranſport our paſſions and affections beyond their 


juſt bounds, both as to intenſeneſs and duration, but 
allo to transfer them to ts 25 os, and ſuch 
UK 
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as are of a quite different nature from thoſe to 
which our reaſon had at firſt directed them #*,” 

I ſhall cloſe this ſketch of the paſſions by a 
ſhort account of ſympathy or ſocial affection, and 
afterwards, by the hiſtory of thoſe moſt powerful 
incentives to action, avarice, ambition, and the 

paſſion of love between the different ſexes, 

The pleaſures of ſympathy are generated, 1, 
by that love to our fellow creatures, which is the 
effect of early obligation f. 2dly, Becauſe the 
ſight of any enjoyment excites in us the pleaſurable 
ideas of that enjoyment, and unleſs envy interferes, 
theſe will ever have their due effect. Theſe feel- 
ings are increaſed by the praiſe that is beſtowed on 
dene &c. and the hope of reward in an- 
other life. Sympathy in the misfortunes of others 
has a double effect; when beheld at a diſtance, as 

in theatrical repreſentations, I believe moſt men 
find ſomething rather pleaſing than otherwiſe in 
them, and this ariſes from the pleaſure that attends 
moderate emotion, even though derived from a 
painful ſource. In perſons of very delicate' ſenſa- 
tions, this affection often degenerates into actual 
pain; and on beholding real woe, it is ſuch to all 
who retain the common characteriſtics of humanity. 
Compaſſion, or the deſire of relieving diſtreſs, is no 


Preliminary Diſſertation to Law's Tranſlation of King's 
Origin of Evil. 

+ The ſocial pleaſures and affections may, as Dr. Hartley 
obſerves, be much indebted for their increaſe to the pleaſures 
of the palate. Since it has been cuſtomary in all ages to ſatisfy 
our appetites in the company of our neareſt connections, the 
idea of pleaſure will become combined with them. 


other 
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other than a wiſh of removing pain. The ſight 
of a wound excites immediately ideas of pain in our 
minds, and we feel a ſenſation of the ſame nature 
(though weaker) according to our memory of 
ſimilar pains, or, as we by deſctiption judge of 
them, from the pains that we really have felt. To 
_ relieve diſtreſs, therefore, is actually taking off pain 
from ourſelves ; to the act of relieving we give the 
name generaſity. The idea of the pleaſure is after- 
wards excited by hearing of an act of generoſity, 
nay, is aſſociated with the very word itſelf, the men- 
tion of which, I believe, in moſt people, excites 
a grateful ſenſation. By theſe means, the virtue of 
fmpathy may be conſtantly maintained, and every 
amiable paſſion cheriſhed. 

It has been already intimated whence the paſſion 
of avarice derives its origin. The natural wants 
of man, it is true, are very few; yet in the preſent 
ſtate of ſociety, theſe wants are not to be ſupplied 
without ſome exertions on our own parts. The 
firſt deſign, then, of human beings, is, to acquire 
ſuch a competence as will ſatisfy the calls of nature. 
But obſerve what habit does. By a continued pur- 
ſuit, we grow eager in the chace ; the firſt object is 
loſt fight of; we annex the idea of pleaſure to the 
means or the inſtruments, and fancy riches have 
ſomething in themſelves deſirable. A paſſion dif- 
ferent from the firſt is now generated; one man's 
example imparts freſh vigour to another, and the 
end of life 1s forgotten in the ardour of an ima- 
ginary purſuit *, N When the idea of pleaſure is once 


© Et —— vitam, vivendi perdere cauſas.— uv. 
transferred 


ww 
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transferred thus to the inſtrument, we ſee a child 


prefer a piece of money to many actual gratifica- 
tions that might be enjoyed immediately. I knew 
2 covetous man, who hired a very uncomfortable 


hos houſe, a third part of which he did not in- 
habit, becauſe he thought it a good bargain to pro- 
cure an houſe of that ſize at the ſame rate as a 
ſmaller. The ſame man left a pleaſant farm and a 
good eſtate, and bought a commiſſion in the army, 
purely becauſe he could procure it at a cbeap 
rate. 

© Avarice is checked, 1ſt, By the ſtrong deſires 
of young perſons, and others, after particular gra- 
tifications. 2dly, By conſidering the inſignificance 
of riches in warding off death and diſeaſes, alſo 
ſhame and contempt in many caſes; and in obtain- 
ing the pleaſures of friendſhip, religion, &c. gdly, 
By the eager purſuit of any particular end, as learn- 
ing, fame, &c,*,” We may obſerve, that avarice 


is only the paſſion of little minds, and will be 


chiefly predominant in uncultivated perſons, whoſe 
attention cannot be drawn from it by nobler pur- 


ſuits ; and in old people, whoſe ſenſual pa are 


decayed. 

Ambition ſeems to be founded, iſt, On the 
hatred or averſion to poverty, and all its concomi- 
tant diſadvantages and inconveniencies. 2dly, On 
the experience that we are indebted to our fellow- 


creatures for many conveniencies of life; and from 


the habit generated even in · children, of endeavour- 


ing to pleaſe them, in order to obtain many objects 


Hartley, prop. 48. 


of - 
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7 | | 
of pleaſure to our ſenſes. 3dly, Many of the con- 
ſtituents of natural and artificial beauty are poſſeſſed 
by thoſe in high ſtations, we therefore annex plea- 
furable ideas to thoſe ſtations, and love them on 
that account. 4thly, Cuſtom, and the words uſual 
in commendation, being applied to ſuch nne. | 
increaſe the paſſion. 

Ambition will take a different courſe, according 
to the diſpoſition or caſt of thinking in different 
perſons. Thus if a man is habitually ſenſual, his 
ambition will ſtill have an inclination towards what 
may gratify his appetites. One man, perhaps, from 
education or example, has acquired a habit of ad- 
miring fine cloaths; another, from natural timidity, 
avoids ſhame and poverty. Commonwealths pro- 
| mote ambition of a different kind from that which is 
prevalent in monarchy. Ambition takes a different 
courſe, according to the time of life. It is to be re- 
marked, that the primary eonſtituents of this paſ- 
ſion (as indeed in all others) will be obſcured 
ſometimes by the aſſociated affections. The praiſe 
beſtowed on the heads of certain ſects of philoſo- 
phers led many men to deſpiſe the natural objects 
of ambition, riches and pomp; and the natural 
diſlike to poverty and dirt was ſubdued and for- 
gotten. 
The paſſion of love (and hs between re- 
fined perſons) is of a very complex nature, and far 
removed from the ſenſual appetite, with which it is 
ſometimes even very ſlightly connected. It is a 
well known fact, that an accompliſhed woman of 
fortune and family run off ſome years ſince with 
an Italian eunuch, whom ſhe married for love. 5 
| | The 
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The truth is, that beſides the appetite, the ſocial 
paſſion, as before explained, and this, heightened by 
the protection a weaker perſon ſeems to claim 
from us; the ſenſe of beauty; admiration of par- 
ticular accompliſhments ; the reſpe& due to high 
birth or fortune ; the commendation of others, and 
habit, in many reſpects c concur more or leſs to form 
the paſſion, 


Men of the world are al of view ſenlible what 


ſucceſs may be derived from a pleaſurable ſtate of 
mind, in which the object, whom they wiſh to pleaſe, 


may happen to be. On this account they ſtudi- 


ouſly mingle in all the pleaſures and amuſements, 
of whatever kind, in which that perſon is found to 
delight. It is a maxim of Lord Cheſterfield, 


« Make a perſon in love with themſelves, and they 


are certain to love you in return *.“ The plea- 
ſure of receiving gifts is directly connected with the 
object that beſtows them; where preſents cannot 
be made, praiſe and commendation are the ordinary 
means, and if their ſincerity is not doubted, ſeldom 


fail of ſucceſs. I queſtion not, but it might almoſt 


ſecure the ſuit of a lover to be the meſſenger of 


ſome very agreeable piece of intelligence to his 


miſtreſs. Pleaſurable ideas, we know, are naturally 
connected with perſonal beauty, riches, high birth, 
great qualities, or fame. Some impoſtors, under the 
maſk of being perſons of rank, have inſinuated 
themſelves into the good graces of females; nor 
could the diſagreeable ideas naturally annexed to 


* One of our comic writers preſcribes, that a man muſt firſt 
make a woman a friend before he ventures to appear as a lover. 


Yor, III. M m | | falſnood 
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falſhood and deception, afterwards vanquiſn the at- 
tachment. In fine, if by any means a man can 
become the aſſociate of agreeable ideas, on the 
principles every where proved, I think, throughout 
this book, he may ſoon hope to obtain a part in 

the affections of his miſtreſs; and this may ſerve 
to account, in ſome meaſure, for the many whim- 
lical connections we are every day vitneſſes of, 


: « When Miſs delights in her "Ta 
« A fidler may a fortune get; 
1 « A blockhead with melodious voice, 
| h In boarding ſchools may have his choice; 
| « And oft the dancing maſter's art 
« Climbs from the toe to touch the heart; 
« In learning let a nymph delight, 
The pedant gets a miſtreſs by't *.” 


There is no greater miſtake, than that the world 
is governed by motives of intereſt. Cool ſelf-in- 
tereſt acts in very few inſtances. Where mankind 
are not ſwayed by the natural affections, that is, by 
thoſe ideas with which pleaſure is naturally con- 
need, they are generally determined by ſome pre- 
judice, that is, an idea with which pleaſure or pain 
is fantaſtically combined. 

There is, perhaps, no paſſion ſo improvable by 
aſſociation as love; it is connected with many ideas 
that tend to refine, ſoften, and elevate the ſoul, and 
to increaſe the paſſion under the appearance of in- 
crealing preſent pleaſure, We are not to wonder, 
therefore, that it has proved ſo copious a means of 


8 Cadenus and Vaneſſa. 
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playing with our feelings in poetica and dramatic 
compoſitions. To feel and ſympathize with ambition 
we muſt be particularly circumſtanced, and then 
our thoughts ate generally too ſtrongly bent on 


the purſuit to attend to imagination. Ambition 
is an active, love a ſedentary paſſion. 


Some concluſions in favour of the practicability 


of virtue will enſue from the preceding principles. 
In the firſt place, much of the government of the 
paſſions will hence appear to be in our own power, 
by avoiding pernicious aſſociations, and by early 
care; hence we may learn how to reſtrain the en- 
thuſiaſm of avarice and ambition, by tracing them 
to their ſource. In our choice of friends and books 
alſo, we may learn to be cautious to avoid thoſe 


from which ill habits or prejudices may be derived; 


we may learn further to be aware of the effects 


of cuſtom in acquiring a fondneſs for trifies, and 


eſpecially for gaming, and other unnatural propen- 
ities; we may learn to direct our affections to 
proper objects, to aſſociate the pleaſing with the 
uſeful, or, by force of reaſon and reſolution, to diſ- 
entangle thoſe improper combinations which we 
may have formed. This, indeed, ſeems to be the 
great uſe of reaſon and ſcience, viz. to enable us 
to putſue the chain of aſſociations, which our af- 
fections may have extended, and to diſcern plainly 


the /ittleneſs of the common and ruling paſſions of 
mankind, 
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Cnar. XIV. 
OF REASONING®. | 


Common Senſe ; auhat.—Defeive Reaſoning —Analogical Rea- 
Soning.—Wrong Data. —Pleaſures of Reaſoning. 


EASONING may be defined a. chain of 
judgments, following and depending upon 
one another, by which ſome general concluſion is 
attempted 1. 

| The deſign of this chapter will principally be to 
exhibit ſome detached obſervations, ſuch as may 
ſupply us with a few cautions againſt the moſt com- 
mon defects in reaſoning, which will be found in 


general to depend upon a falſe or unnatural aſſo- 


ciation of ideas. Thus, repeated obſervation of the 
proper and uſual relations of things produces a 
preſumption in the mind, that thoſe which are ac- 
cidental may be equally well founded ; and this 
appears to be the undoubted cauſe of what is called 


E 5 a 


With this i the third diviſion, or the miſcellaneous 
part of His book, commences. 
* Senſe and memory are but knowledge of fat, which is 
a thing paſt and irrevocable ;' ſcience is the knowledge of 
conſequences, and the dependence of one fact upon another, 
by which, out of what we can preſently do, we know how to 
do ſomething elſe when we will, or the like another time.“ 

Hobbes Leviath. pt. 1. c. 5. 


When 


Chap. 14.] Palſe Notions of Honour, 533 
When the train of ideas flows in its natural courſe, 
that is, according to the true relations of things, 
then the opinions and concluſions formed will be 
juſt, When it is warped out of its natural courſe 
by an accidental aſſociation, then ſuch opinion, and 
every action founded upon it, will be falſe, Thus, 
while men annex the idea of honour to patriotiſm, 
and that diſintereſted benevolence which prompts a 
generous ſpirit to diſregard its own intereſt in con- 
tending for the ſafety and welfare of others, they 
reaſon according to the common order of nature; 


but if they by any means narrow the ſentiment, and 


can perſuade themſelves that it is lawful to deſtroy 
or injure ſome for the ſake of others, that falſe 
notion of honour is generated, which produces war, 
_ devaſtation, and conqueſt ; if to this they annex the 
idea of inſult, as heightening the honour, and add the 
idea of cruelty to inſult, which the warmth of paſ- 
ſion may readily lead them to do, or if it ſhould 


ſeem a mark of courage to taſte the blood of their 
enemies, they will think it honourable and right to 


torture, and perhaps to devour them“. That the 
univerſe mult have a firſt cauſe, that a firſt cauſe 


„The beginnings of this corruption may be noted in 
many occurrences, as when an ambitious man, by the fame of 
his high attempts, a conqueror or a pirate.by his boaſted enter- 
prizes, raiſes in another perſon an eſteem and admiration of 
that immoral and inhuman character, which deſerves abhor- 
rence ; 'tis then that the hearer becomes corrupt, when he 
ſecretly approves the ill he hears; but on the other fide, the 
man who loyes and eſteems another, as believing him to have 
that virtue which he has not, but only counterfeits, is not on 


this account either vicious or corrupt. P—Shaftſbury? s Enquiry 
eon. Virtue, b. 1. p. 2. ſ. 3. 
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Religious Errors. [Book X. 


muſt be ſelf-exiſtent, that a ſelf- exiſtent being muſt 
be eternal, that an eternal and ſelf-exiſtent being 
muſt be without imper ection, is a chain of reaſoning 
that leads directly to a knowledge of the wiſdom 
and goodneſs of our Creator, and ought to inſpire 
us with a defire of imitating his perfections; but 
if, from perſonifying the deity.*, men ſhall once 
give room to conceive of him as having parts and 


paſſions, fancy will ſoon be ſportive on the occaſion, 


and the amours of Jove, and the contentions of the 
Gods, will become a part of the popular religion. 
What effect ſuch an error muſt have on morals is 


obvious. While ſurrounded with the bounties and 


mercies of God, we can never altogether loſe the 
idea of his goodneſs ; if, therefore, to the admiration 
of the deity, the idea of vice or paſſion ſhould be 
annexed, theſe will loſe their deformity, and, how- 
ever contrary to men's better judgments, ſuch vices 


may even be held in eſteem. 


Some reſpectable writers have endeavoured to 
make a diſtinction between reaſon and what they call 


common: ſenſe. But, perhaps, all that can be fairly 


aſſerted 1s, that ſome propoſitions are more nearly 
connected with ſenſible impreſſions than others, and 


* Becauſe we can have no diſtinct 7” Ys but thoſe combi- 
nations which we form of ſenſible impreſſions, mankind have 
in all ages been inclined to perſonify the inviſible firſt cauſe 


of the univerſe, for the ſake of having a diſtin idea of him; 
and as the human form is the moſt familiar to them, as well as 
the moſt honourable, they have generally adopted that. This 


deception of our nature perſevered in, has led them to aſſign 
him appetites, paſſions, &c. the ſame with the evil principle, 
and hence the origin of all ſuperſtition, —See Soon Hiſtorical 
and Moral, 

cherefore 


Chap. 14.] Common Senſe. 535 
therefore the train of reaſoning is leſs liable to be 
diverted into a wrong concluſion, than in abſtruſe 
ſpeculations, or thoſe which are far removed from 
being objects of the ſenſes, where the variety of 
aſſociations affords a greater ſcope for error. Thus, 
ce that things equal to one and the ſame thing are 
equal to one another;“ © that nothing material 
exiſts without a cauſe ;” „ that, therefore, this 


world has a firſt cauſe,” and ſuch like, are propo- 


ſitions immediately conne&ed with experience, and 
therefore admitted without heſitation, That the 
angles of a triangle are equal to'two right angles, is 
a truth no leſs certain, but cannot be demonſtrated 
without a conſiderable train of reaſoning. This 
remark will apply to many diſputes in morals, 
theology, &c. Thoſe facts which lie neareſt the 
teſtimony of our ſenſes will meet the eaſieſt re- 
ception. 

I have called reaſoning the arithmetic of nt in 
which falſe concluſions may be drawn, either from 
wrong data, or from an error in the operation. It 
will follow, that the concluſions of our reaſon, and 
our immediate feelings, may be ſometimes at va- 
riance. It is common to ſay, * I feel confuted, but 
not convinced; that is, on ſome former occa- 
ſions, by common experience, you have united 
certain conſequences with certain things or actions; 
and another perſon, by a certain chain of reaſoning, 
ſome one ſtep of which may be falſe, but to which 
you have not attended cloſely enough to detect the 
error, now exhibits a different concluſion. Paſſion 
itſclf will often play the part of the ſophiſt, and de- 
termine men to act in contradiction to a conclu- 

M m4 


ſion 
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ſion founded on common experience“: Video 
meliora, proboque, deteriora ſequor.“ 

Errors moſt frequently happen in what is called 
reaſoning by analogy. Analogical reaſoning is 
grounded on the reſembling parts of complex ideas, 
and as long as we are careful to note the propor- 
tions of thoſe reſembling parts, and how far in each 
of the compared ideas they may be connected with, 
and influenced by others, it will generally prove a 
ſafe method of reaſoning ; but as the aſſociations 
are not near ſo ſtrong in this relation, as in that of 
cauſe and effect, as the relation is more complex 
and more removed from common experience, this 
mode of reaſoning will more frequently deceive 
us. Thus, © if we argue from the uſe and action 
of the ſtomach in one animal to thaſe in another, 
ſuppoſed to be unknown, there will be a probable 
hazard of being miſtaken, proportional in genera] 
to the known difference of the two animals, as well 
as a probable evidence for the truth of part, at 
leaſt, of what is advanced, proportional to the ge- 
neral reſemblance of the two animals ; but if, on 
examination, the ſtomach, way of feeding, &c. of 
the ſecond animal ſhould be found, to ſenſe, the 
ſame as in the firſt, the analogy might be conſidered 


As bodily pain is an unuſual ſtate, and can never be en- 
tirely forgotten, however engaged the perſon may be, but will 
of courſe awaken the attention frequently to ſuch objects and 
ideas as are connected with it; ſo a paſſion, being an unuſual 
ſtate of mind, ſomething analogous to the ſuffering of the 
body, will frequently awake it from other purſuits, and turn 
it to thoſe ideas which are connected with it. 


— 
* . 
— 
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as an induction, properly ſo called, at leaſt as ap- 
proaching Git 


Reaſoning may likewiſe be defective and falſe, 


from accepting an axiom or concluſion drawn from 


| former judgment as an intuitive principle, or 
from an imperfe& or partial view of the ſubject, 
and from what has been ſaid of cuſtom, it is evi- 
dent that it may have a great influence over our 
reaſoning. Since ideas by repetition become more 
vivid, and acquire more force if aſſociated with 
pleaſurable ſenſations, it follows that it will require 
much force to overcome this ſlavery, which the 
mind fabricates for itſelf, and that no leſs than de- 
monſtration from an actual appeal to the ſenſes, or 


from acknowledged F will be able to 
undo if. 


The 


o « Tt is often in our power to obtain an analogy where we 

cannot have an induction, in which caſe reaſoning from analogy 
ought to be admitted; We with all that uncertainty 

which properly belongs to it.” — Hartley on Man. Prop. 39. 

« The analogous natures of all the things about us are a 
great aſſiſtance in decyphering their properties, powers, laws, 
&c. inaſmuch as what is minute or obſcure in one may be ex- 
plained and illuſtrated by the analogous particular in another, 
where it is large and clear; and thus all things dein com- 


ments on each other in an endleſs e * | 


Prop. 39. 

+ The following may be taken as a general abſtract of the 
moſt common fallacies which occur in reaſoning. 

iſt, Taking an accidental conjunction of things for a 
neceſſary connection; as when from an accident we infer a 
property; when from an example we infer a rule; when 
from a ſingle act we infer a habit. 2d. Taking that ab- 


ſolutely, which ought' to be taken comparatively, or with 


certain limitations. The conſtruction of language often leads 
| into 
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The pleaſures of ſucceſsful reaſoning reſult, iſt, 
From the action it gives to the mind; 2dly, 
From the pleaſure connected with the end we pro- 
poſe to ourſelves from the inveſtigation. In fact 


there is a pleaſure attendant on the accompliſhment 


of every end or deſign ; for as all the firſt actions 
of men have a tendency to the gratification of their 


| appetites, and the fulfilling of this deſign has ever 


been attended with agreeable ſenſations, we expect 


the ſame on the accompliſhment of every intention 
or action whatever. 


into this fallacy; for in all languages it is common to 
uſe abſolute or general terms, to ſignify things which carry in 
them ſome ſecret compariſon ; or to uſe unlimited terms to 
ſignify what, from its nature, muſt be limited. 3d. Taking 
for the cauſe an occaſion or concomitant, 4th. Begging the 
queſtion ; i. e. aſſuming the thing to be proved from the pre- 


. miſes. 5th. Miſtaking the queſtion. When the concluſion of 


the ſyllogiſm is not the thing that ought to be proved, but 


ſomething elſe that is miſtaken for it. 6th. When the con- 


ſequence is miſtaken ; ; as if, becauſe all Africans are black, 
it was taken for granted that all blacks were Africans, 7th. 
Propoſitions that are complex, and imply two affirmations, 
whereof one may be true and the other falſe; as when it 1s 
afiirmed, that ſuch a man has left off playing the fool—if granted, 
it implies that he has played the tool; if denied, ſeems to 


—__ that he does fo ſtill. 


CuaP. 


N AY. 


OF THE FINE ARTS. 
Muſic. — Painting. — Poetry. — Wit. 


HE. chief ſources of pleaſure in works of art 
are, 1ſt, As far as they contain of the pri- 
mary conſtituents of beauty. d, Reſemblance to 
things which have pleaſed in our former life, 3d, 
Utility. 4th, A ſenſe of the ingenuity required. 
5th, Faſhion, and a delerence to the opinion of 
Others. 

Muſic is agreeable, I might ht ſay entirely, 
from the combinations of notes naturally agreeable, 
or from the proper contraſt of theſe notes; from 
the variety of emotions produced by theſe combi- 
nations, and from theſe emotions being judiciouſſy 
contraſted; and I ſuppoſe good compoſers, whe- 
ther acquainted or not with this general theory, 


have recourſe to theſe principles“. Very little of 


the pleaſure of muſic has any relation to the gratifi- 
cation of appetite, or is at all aſſociated pleaſure. 
Indeed, the remembrance of certain ſounds, which 
may have been combined with other ideas of actions 


It is worth conſideration, whether the agreeable ſounds 
are not the moſt frequent, and the diſſonant the moſt uncom- 
mon, &c. Thoſe ſounds and combinatio''s of ſounds which 
reſemble the human voice may, perhaps, by aſſociation, give 
riſe to the agreeable of muſic, 


or 
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or paſſions, may, by recollection, be productive of 


aſſociated pleaſure, as well as of various emo- 
tions “. 
Painting derives its chief power of pleaſing 0 


the happy imitation of objects that have the power 


of renewing agreeable ſenſations; yet here much 


depends on a judicious uſe and diſpoſition of the 


primary elements of beauty : lively colours, pro- 
per contraſts, the waving line, are always attended 
to by excellent painters. 

Poetry depends little on the primary ingredients 
of beauty or pleaſure, except in what reſpects the 
meaſure of the verſe ; and one reaſon for the plea- 
fure of verſe I apprehend to be, the agitation oc- 
caſioned by renewing ideas and ſenſations, ſuch 
being the return of ſounds, and this eſpecially when 
properly enlivened with new ones. Perhaps in 
deſcriptwe poetry the beauties of contraſt may be 
proper to be attended to; thus it ſteals ſome of the 
beauties of both muſic and painting ; bur its chief 
power over the mind is derived from the aſſociated 
or factitious ſenſe of pleaſure, and from a repreſen- 
tation of thoſe objects which, by intereſting the 


_ paſſions, produce mental emotion. It is remarked, 
that imperfect characters are moſt agreeable in 
poetry; the reaſons I ſuſpe& to be theſe: itt, 


Becauſe we find in them a picture of ourſelves, 


and often a fort of excuſe for our own frailties. 


2dly, Becauſe there is more of the ſublime in oc- 
caſional ſallies of vice or paſſion, than in uniform 
goodneſs, 3dly, Becauſe of the contraft between 


the good and bad parts of the character, the latter 


See Dryden's Ode to St. Cecilia. 
f really 


really ſetting off and making more conſpicuous the 


former. I have already mentioned the pleaſure of 


figurative language, reſulting from the variety of 
thought and emotion introduced by the two trains 
of ideas “; and it is remarkable that, “ when 
figurative words have recurred ſo often as to 


excite the ſecondary idea nftantancouſly, they loſe 


their peculiar beauty and force .“ It is a miſtake, 
when critics tell us that florid language is not the 
language of paſſion ; experience amply convinces 
us of the contrary, The truth is, that ſorrow, re- 
ſentment, or any violent paſſion (provided the rea- 
ſon is not injured) renders the mind more active, 
and though i it never wanders very far from the ſub- 
ject, yet it indulges itſelf it many excurſions, ſtill 
recurring to its origin. 

The ſame qualities, but differing in the degree, 
are required to form both the poet and the orator; 
in the latter more ſolidity is wanted. An oration, 
if compoſed like a poem, would be too florid and 
deſultory. Quinctilian points out the firſt qualifi- 
cation of an orator to be a good man: this, above 
every other circumſtance, prediſpoſes the hearers in 
his favour ; beſides, it ſuppoſes him more inti- 


Rv Though the metaphor began in poverty (of 3 
it did not end there. When the analogy was juſt (and this often 
happened) there was ſomething peculiarly pleaſing in what was 
both new and yet familiar, ſo. that the metaphor was then 
cultivated, not out of neceſſity, but for ornament, Tis thus 
that cloaths were firſt aſſumed to defend us againſt the cold, 


but came afterwards to be worn for diſtinction and decoration.” 


—Harris's Philological Enquiries. 


+ Hartley, prop. 46. 


mately 


————— 
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mately acquainted with the nature of virtue, and 


abler to ſpeak in its favour with force and energy. 


Wit is he calling rogetner two or more differing 
ideas by ſome nice and unexpected connection, 
rel tion, or correſpondence. The pleaſure of wit 
conſiſts, ꝛſt, In ſurpriſe. 2dly, In the agitation 
produced by variety, and the different trains of 
thought. 3dly, In ſeveral agreeable ideas, which 


muſt be of courſe recalled *. 


* The ſame kind of contraſts and coincidences, which in 
low and comic things would be wit and humour, become the 
brilliant paſſages that affect and ſtrike us moſt in grave poetry.” 


__— Hartley. 


Omnia noſtra, dum naſcuntur, placent aint *. 
e. 3. The action of the mind in forming any work is pleaſing; 
and even if it 1s ſuch as carried with it a good deal of labour 


and conſequently {ome pain, we feel joy on perfecting it. 


Cna?. 
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Uſe of the De&rine of Afeciation in Morals, —Two Theories of 
Morals. 4A Moral Senſe.—The Arguments againſt a Moral 
Senſe. A. ftrong Argument for Divine Revelation, 


: HE. principal uſe of the doctrine of aſſocia- 


tion, when applied to morals, will be, to 
induce us to reflect how little of our happineſs 
depends immediately on ſenſual enjoyments, and 
how we may enlarge and improve our lot of plea- 
ſure, by cultivating thoſe intellectual delights, 
which neither injure our health nor reputation, and 
yet are replete with the molt exquiſite delight. 
Another point which this doctrine tends to eſta- 


bliſh, may, I think, be made of advantage to man- 


kind, viz. that what 1s naturally good or ill in a 
temper depends on a few principles, which may be 
in a great meaſure counteracted by other ideas 
and aſſociations ſufficiently grounded and enforced. 
Hence it follows, that we may be in a conſiderable 
degree the framers of our own diſpoſitions *; and 
inaſmuch as reaſon muſt be our guide in morals, 
avilzation iS eminently of ule to ſociety, the great 


* Diſpoſition is a general term, implying the bent or 
general direction of the mind. Thus we ſay, an angry diſpo- 


fition, &c. or, teſtineſs is a Gupolition to be angry. 
4 - advantage 
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advantage of which ſeems to conſiſt in the increaſe 
of intellectual pleaſure *. | 
Among moral writers, two SAFE” Wh materially 
different, have long exiſted reſpecting the nature of 
our ſentiments of virtue and vice. Our love of the 
former, and deteſtation of the latter, is by the one 
party aſſerted to be an inſtinctive principle, inde- 
pendent of knowledge, or of former ideas admitted 
by the five ſenſes ; and by the other, to be nothing 
more than the reſult of experience or information. 
For the firſt of theſe hypotheſes, the arguments 
are many and forcible. 1ſt. There are, it is ob- 
ſerved, in all languages, words equivalent to duty 
and intereſt, which men have conſtantly diſtinguiſhed 
in their ſignification. 2d. The emotions which are 
produced-by the contemplation of what is right 
and wrong in conduct, are different from thoſe 
which are produced by a calm regard to our own 
happineſs; ſo much ſo, that we judge extremely 
differently of the conduct of other men, and of our- 


. « Tt is of the utmoſt conſequence to morality and reli- 
gion, that the affections and paſſions ſhould be analyzed into 
their fimple compounding parts, by tracing the ſteps of the 
aſſociations which concur to form them; for thus we may 
learn how to cheriſh and improve good ones, check and root 
out ſuch as are miſchievous and unmoral, and how to ſuit our 
manner of life, in ſome tolerable meaſure, to our intellectual 

and religious wants,” &c, *The world is, indeed, ſufficiently 
| ſtocked with general precepts for this purpoſe; and whoever 
will follow theſe faithfully, may expe& good ſucceſs. How- 
ever, the doctrine of aſſociation, when traced up to the firſt 
_ rudiments of underſtanding and affection, unfolds ſuch a ſcene 
as cannot fail both to inſtruct and alarm all ſuch as have any 
degree of intereſted concern for themſelves, or of a benevolent 
one for others,” —Hartley. 
ſelves 
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ſelves in the Gs circumſtances. 3d. The ſenti- 
ment of approbation or diſguſt which is excited by 
any action is inſtantaneous, and not the effect of 

reaſoning. or deduction; theſe ſentiments are alſo 
excited even in children, long before they have 
learned to make vſe of their reaſon, or to form in 
their own minds any regular judgment concerning 
the good or evil conſequences of action. 4thly. The 
general agreement of all nations (only making ſome 
allowances for local circumſtances) with reſpect to 
moral excellence or moral turpitude, is alſo cited as 
a proof that theſe ſentimems muſt proceed from 
ſome general and inſtinctive principle. 5thly, It is 
aſked, what is meant by the term conſcience, and 
that uneaſy ſenſation which accompanies guilt, if 
there is nothing conſtitutionally in man-to direct 
him in the purſuit of good and the abhorrence of 
evil? 

In oppoſition: to this doctrine it is ma with 
ſome plauſibility, iſt, That the moral ſenſe im- 
proves“ with years and knowledge. What moral 
ideas, it is ſaid, had the ſavage girl caught in the 
woods of Champaine? What had the young man 
of Chartres, who recovered his hearing at the age 
of ee t? Uninformed perſons of every 


nation 


This argument is, . not deciſive, knee any one 


of our ſenſes, and even our bodily powers, may be f 
7 by practice and inſtruction. 


1 A young man of the town of Chartres, between the age 
of twenty-three and twenty-four, the ſon of a tradeſman, and 
deaf and dumb from his birth, began to ſpeak of a ſudden, to 
| the aſtoniſhment of the whole town. He gave them to under- 
| Rand, that, about three or four months before, he had heard the 


Yor 1 II. N n | ſound 


1 oij non * [Book X. 


nation have not an exquiſite moral ſenſe, and in- 
fants very little of it. 2dly, We feel, and reſent 
as ſtrongly, any thing which contradicts the reli- 
gion or cuſtoms of our country as thoſe vices 
which are generally diſallowed, and this can by no 
"means be ſuſpected to be innate. 3dly. What is 
called virtue is generally profitable. Nor does it 
at all derogate from the honour of virtue, that it is 
founded on the immutable principles of truth: a 
much more honourable extraction than blind in- 
ſtinct. r. The neceſſity which all 8 om 


404 of che bells, and was greatly ſurpriſed at this new and 
unknown ſenſation. After ſome time a kind of water iflued 
from his left ear, and he then heard perfectly well with them 
both. During theſe three months he was ſedulouſly employed 
in liſtening, without ſaying a word, and accuſtoming himſelf 
to ſpeak ſoftly, ſo as not to be heard, the words pronounced by 
others. He laboured hard alſo in perfecting himſelf in the pro- 
nunciation, and in the ideas attached to every ſound, At length 
having ſuppoſed himſelf qualified to break filence, he declared 
that he could now ſpeak, though as yet but imperfectly. Soon 
after, ſome able divines queſtioned him concerning his ideas 
of his paſt ſtate; and principally with reſpect to God, his foul, 
the moral beauty of virtue, and deformity of vice. The young 
man, however, had not driven his ſolitary ſpeculations into that 

channel. He had gone to maſs, indeed, with his parents; had 
learned to fign himſelf with the croſs, to. kneel down, and to 
aſſume all the grimaces of a man in the act of devotion. But 
he did all this without any manner of knowledge of the inten- 
tion or the cauſe; he ſaw others do the like, and that was 
enough for him. He knew nothing of death, nor did it even 
ever enter his mind. He led a life of pure animal inſtinQ; 
and though entirely taken up with ſenſible objects, and ſuch as 
were preſent, he did not ſeem to have made ſuch reflections 

even on theſe as might have been expected; though he did 

not want underſtanding.—Mem. Acad. Science * p- 18, 
cited "I — | | 


perſons 
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ns adrait of a divine revelation to teach us out 
Gals, and the great imperfection of all the ſyſtems 
of morals that have proceeded from the Heathen 
ſiages ®, ſeem greatly to militate againſt the hypo- 
theſis of an innate moral principle. oe 
There are ſome points it is added, in which all 
men agree; becauſe there are ſome deductions, 
which all men endued with ſenſes nearly alike, 
cannot fail to draw. There are ſome ideas which 
will be aſſociated in every mind that reflects. Of 
this nature are the common opinions of virtue and 
vice. Every being ſenſible of pleaſure and pain 
muſt alſo be ſenſible of love and hatred. Very 
little experience will convince any man that parti- 
_ cular actions are attended with ill effects, and others 
in like manner with good ones. No matter whe= 
ther to ourſelves or others, we have the idea good 
and bad annexed to the actions, before we have 
the idea of the perſons to whom they relate ; we 
have them from our own experience, or ſomething 
adequate: we love the one and hate the other, we 
love whatever promotes the one, and the contrary. 
We very early come to have a ſenſe of injuſtice, 
ſince whatever diſappoints the appetites, Or is Pro- 
ductive of preſent pain, generates reſentment in an 
infant. Theſe ideas are regulated by reaſoning 
and education, and men in time learn to diſtinguiſh 
between a misfortune merited, or which they have 
brought upon themſelves, and one which is brought 
upon them by others; they learn too to diſtinguiſh 


„See Eſſays Hiſtorical and Moral. Eſſay, Principles of 


Morals, . 
Na between 
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between chance and deſign, and hence our hatred to 
injuſtice, Kc. 

The quick ſenſe of it * ſhame, i it is fur- 
ther alledged, can be no argument in favour of in- 
ſtinctive morality, for we are much more aſhamed 
of natural defects; there are few men that would 
not rather be called knaves than fools. __ 
The reaſon men are aſhamed of ſenſual enjoy- 
ments, is the loathing and diſguſt that follow exceſs 
in them; there is no exceſs, no diſguſt, no ſatiety 
in the pleaſures of 1 imagination, we, can therefore 
bear to reflect upon them. 

Should we reject on theſe W the doctrine of 
an inſtinctive moral ſenſe, the argument will, in my 
opinion, be extremely cogent in favour of the ne- 
ceſſity of a divine revelation to confirm men in the 
right path of reaſon, and counteract choſe errors 

which falſe aſſociations may 1 a 
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impreſſions | on their ſenſes than others, and 
theſe impreſſions probably remain longer vivid on 
ſome than on others. It ſeems not unlikely there- 
fore, that this faculty of feeling more acutely, and 
the impreſſions on the ſenſes dwelling longer vivid in 
ſome men than in others, enables them to form more 
extenſive combinations, and connecting together 
more effectually their ideas, may conſtitute what is 
called genius, in oppoſition to ſtupidity or dull- 
neſs . Such a faculty will enable men to acquire 
knowledge more eaſily, by more readily. admitting 
perceptions; to retain it better by the frequent re- 
petitions, which ſo many aſſociated ideas muſt pro- 
duce; and to expreſs it more readily from the con- 


nexion of ideas, which will recal each other in 8 
more ee, and regular ſeries. Men 2 this 


= * 


Genius on theſe - tactpſes4 ſeems to be an IE power 
of quickly combining fimple ideas, or of diſcovering their 
combinations. Dulnefs to. be no more than a Luggilhneſs of 
mind, which is incapable of following the combinations of 
| Notes in a fine piece of muſic, or of the colours in a good 

e though the ſimple ideas may be obvious enough. 
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580 Different Jen c [Book X. 
deſcription will have more objects of pleaſure and of 
beauty than ordinary minds. Relations which would 
have eſcaped the majority of mankind, will be im- 
preſſed on their ſenſes, and combinations will be 
formed of which others could have no concep- 
tion. Their minds branched out, in a manner, to 
more objects, will in fact have more ſources of pain 
and pleaſure; only that as the portion of pleaſure 
is greater than that of pain in the world, their 
pleaſures will be proportionably more numerous. 
But there are other differences ſubſiſting among 
men of apparently equal genius, which ſeem difficult 
to be accounted for. One man ſhall excel in an art 
for which another poſſeſſes no qualification, who yet 
is at the ſummit of excellence in fome other. That 
the paſſions muſt have an effect in forming our diſ- 
poſition ® and caſt of thinking, cannot well be diſ- 
puted ; and the paſſions being no more than modi- 
fications of the appetites, on them muſt in ſome 
meaſure ultimately depend the turn of mind i In par- 
ticular perſons. 
I can eafily conceive that 00 the ſo 
perfectly and delicately organized, as to be more 
ſuſceptible, to diſtinguiſh more nicely, and to pre- 
ſent the ideas of that ſenſe more perfect than the 
other ſenſes 3 and this is projubly the cafe with 


* How far the waa francs of the body or whe viglence w_ 
appetite may influence the mind, is not eaſy t6 define. A 
delicate habit unable to bear the extremes of cold and heat, 
or any other inconvenience, may diſpoſe the perſon to be 
cautious, ſuſpicious, fretful. The ſame may in the end render 
him avaricious, On the other hand, there are paſſions which 

. Ws depend on early aſſociations of ideas. 1 
FEY | | C 


Chap. 17.) Genius in different Perſons. 331 


any acuteneſs of underſtanding, But in general this 
delicacy is extended to all the mental organs, or, to 
ſpeak more properly, perhaps, to the mind itſelf. 


Hence a genius for all the fine arts commonly 


exiſts in the ſame perſon, and if they have applied 
only to one, we may reaſonably conclude an _ 
bent to have determined the preference. 
It is allowed that a quick perception, a proper 
degree of retention, and a facility in recalling its 
ideas, are as eſſential to a ſound judgment, as to a 
fine imagination “, the great difference ſeems to be, 
that the one ſelects and dwells upon ſuch ideas as 
are neceſſary to its immediate purpoſe in diſcover- 
ing truth; the other ſelects only ſuch as give plea- 


fure, and does not dwell long upon any. It is pro- 


bable therefore, that this is chiefly a difference in 
temper and diſpoſition. Acuteneſs of feeling is 


The philoſophic genius, according to Dr. Gerard, differs 


tom a genius for the arts, in this, that the former is chiefly 


employed upon the relations of effects and cauſes, and the 
latter is attracted by the relation of reſemblance, conſequently 


the one dwells on a few principles, the other "m_— wy | 


light and fanciful aſſociation. 

The philoſopher deſcribes minutely all the appearances 
of his object; his deſign requires it; every one of them in- 
volves ſome truth; inattention to any one of them may pre- 
vent the diſcovery of truth, or occaſion error; thoſe of them 
which ſeem leaſt ſtriking, often lead moſt directly to truth, or 
lead to the moſt important truths. A poet, on the contrary, 
would overlook by far the greateſt part of theſe appear- 
| ances; they are unfit to pleaſe, and for that reaſon attract no 

ſhare of his attention: he fixes on a few that are moſt ſtriking, 


and labours to ſet thels I in a ſtriking light.” Ger. on Gen. 
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certainly ever connected with fine parts, being in 
fact no other than quick perception; but it is cer- 
tain, that among men of equally acute feelings, 
ſome are leſs violent and ſanguine than others. I 
can by no means conſent to refer this difference 
altogether to education, for perſons who have had 
every poſſible care taken of their temper in early 
youth, will often, when ſet at liberty, break out, 
and become of very unruly diſpoſitions in ma- 


turer age; and perſons will reſemble their n 


in temper, who have never ſeen them: 
« Naturam expellas furca, tamen uſque pen 


This fact we can refer to no one principle in hu- 
man nature but the paſſions. Thoſe whoſe animal 
appetites are ſtronger than thoſe of others, will be 
more ſanguine in all their deſires, of courſe will 
ſmart more for a diſappointment, and in a word, 
muſt be more ſubject to paſſion. 

The old maxim, © Pceta naſcitur,” has been: Ac- 
counted a vulgar error, aud it is certain much de- 
pends upon early habit, and this habit is always ac- 
quired from the circumſtances of youth. But this 
does not entirely account for the difference of men's 
purſuits, whoſe mental powers ſeem equal, and 
whoſe ſituations are ſimilar. If once it is agreed, 
however, that a degree of coolneſs is neceſſary to 
certain ſtudies, and that others are more connected 


with paſſion, we ſhall not long be at a loſs to ac- | 


count for this ſeeming paradox in the human mind, 

upon the principles already eſtabliſhed,” 
There are other cauſes of diverfity in natural 
genius, ſuch as difference in the degree, &c. One 
| man 


Chap. 19.) Influence of Habit on Genius, 353 
man is poſſeſſed of a more retentive memory than 
another ; another man may have a more hvely per- 
_ ception, and a little difference in principle will pro- 
| duce a great one in the effects. Theſe perſons may 
ſeem men of equal talents, and yet the bent of the 
genius will be different in each, and their qualifi- 
cations different. After all, it is difficult to ſay 
what may be the effects of cultivation. Many ex- 
eellent practical muſicians are certainly not men of 
genius, nor ever poſſeſſed, as I have been informed, 

of a natural genius for their own art. What moſt 


commonly. influenees the purſuits and diſpoſitions 


of men is, I am perſuaded, cuſtom *, early aſſo- 
ciations, and a predilection for certain occupations 
generated by ſome agreeable but fortuitous circum- 
ſtance, Thus, in relating the life of the poet Cow- 
ley, Dr. Johnſon informs us, that, In the window 


of his mother's apartment, lay Spencer's Fairy 


* Much of the difference between the ſcientific genius, 
and the genius for the arts will depend on early habit. « Per. 
fons (ſays Dr. Hartley) who give themſelves much to mirth, 
wit, and humour, muſt thereby greatly diſqualify their under- 

ſtandings for the ſearch after truth ; inaſmuch as by the perpe- 
tual hunting after apparent and partial agreements and diſ- 
agreements, as in words, and indirect, accidental circumſtances ; 
whilſt the true natures of the things themſelves afford real 
agreements and diſagreements, that are very different or quite 
oppoſite, a man muſt by degrees pervert all his notions of 
things themſelves, and become unable to ſee them as they 
really are, and as they appear to conſiderate, ſober minded 
inquirers. He muſt loſe all his aſſociations of the viſible ideas 
of things, their names, ſymbols, &c. with their uſual practical 
relations and properties; and get in their ſtead accidental, 
indirect, and unnatural conjunctions of circumſtances, that are 
really foreign to each other, or oppoliziong wa thoſe that are 

united,” Hartley p. 46. 
Queen; 
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$54 Accidental Direction of Genius. [Book X. 
Queen; in which he very early took delight to 
read, till by feeling the charms of verſe, he became, 
as he relates, irrecoverably a poet. Such (adds this 
. great moraliſt) are the accidents, which ſometimes 
. remembered, and perhaps ſometimes forgotten, pro- 
. duce that particular deſignation of mind, and pro- 
penſity for ſome certain ſcience, which is commonly 
called genius. True genius is a mind of large ge- 
neral powers, accidentally determined to ſome par- 
ticular direction. The great painter of the preſent 
age had the firſt fondneſs for his art excited 18 the 
en of eee 8 treatiſe * 
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OF TASTE. 
Of Aurum and Diſagreement in Tafte—Of a Standard of 
ISAGREEMENT of taſte, if we but at · 


tend to the principles explained in the former 
part of this book *, will be found to ariſe from 


particular aſſociations ; and agreement in taſte 


from the natural affections common to all man- 
kind. The moſt perfect agreement will be be- 
tween thoſe whoſe genius, ſtudies, and other cir- 
cumſtances moſt perfectly accord. | 


National taſte is influenced by the ſame cauſes, 


which influence that of individuals F, and a ſlight 
aſſociation will frequently produce the moſt fan- 
taſtical cuſtoms. The tyranny exerciſed over the 
female ſex, the jealouſy of the Afiatic nations; and 
the neglect of their women, ſhewn by ſome nor- 


See c. xi. | 

+ From aſſociation, if glaring colours, or any other thing 
ſhould be regarded by the country as a ſign of levity or any 

other ill quality in the wearer; or if any colour or faſhion is 
uſed by ruſtics, or men of a diſagreeable profeſſion or temper, 
theſe ideas recur with the faſhion or colour. 

t Almoſt every perception will introduce a different train of 
ideas in every different perſon, according to the different cir. 
cumſtances with which it may have been moſt frequently aſſo- 
ciated in each perſon's mind, and conſequently often according 
to their particular occupation or profeſſion. | 
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556 National Tae. [Book X. 
thern barbarians, does not proceed from a coldnefs 
in the natural temper of the latter, nor from the 
more lively paſſians of the former ;/ the truth is, in 
the rude ſtate of thoſe northern people, their other 


wants are ſo many, that they cannot attend to the 
pleaſures of luxury. But the ſouthern nations by 


the aid of a fine climate and a fertile ſoil, are more 


advanced in civilization than thoſe of the north, 
though not arrived at that point when the mind is 
enabled, by reaſon and philoſophy, to reſiſt or cor- 


rect falſe aſſociations. The one party have little 


notion of pleaſure, the others have miſtaken notions 
of it. A ſingle movement in the intellectual world 


influences a train of ideas, and if wrong, produces a 
ſeries of miſconduct. Ir is certainly a conſtituent of 


female beauty to have limbs ſmaller and more deli- 


Cate than thoſe of men; but mankind are ever de- 


firous of pleaſure and beauty to exceſs; the Chineſe, | 
therefore, endeavour to produce a degree of beauty 
beyond what nature has eſtabliſhed as perfection, 
and cramp the feet of their women even to defor- 
mity : the ſame motive will ſerve to explain many 


| fantaſtical faſhions which occur to our own obfer- 


vation. What induced ſome of the Indians to co- 
lour the teeth black, was ſuppoſing it eſſential to 
men to differ from the brutes in every reſpect, and 


therefore it was neceſſary not even to have teeth of 


the ſame colour. 
Deviations from nature lates chiefly i in a ſtate 


a few removes from barbariſm, True refinement 


brings men round to the primitive ſimplicity from 
which they have been diverging. Whether the 
theory of a moral ſenſe is admitted or not, it is ſtill 
highly probable, that there is in all things a certain 

perfec· 


Chap. 18.] Standard of Taſte 4 


perfection of which mankind is naturally emulous. 
The ideal characters, and the golden age of poets, 
exhibit the original traces of the conſciouſneſs of 
this perfection, written in the breaſt of every man. 
It is on this ſtandard of excellence in human nature 
that a ſtandard of taſte probably depends. As men 
approach more or leſs this point of perfection, 
they are called polite or ruſtic, civilized or barba- 
rous; and though the point itſelf has never, per- 
haps, been attained, nor ever will be attained by 
any, yet men there will be in every age who ap- 
proach nearer to it than the great maſs of mankind, 
and in ſome ages they will abound more than in 
others; from the number of theſe we are to form 
our judgment of the taſte of any given period 
* theſe, in fact it is, who lead the faſhion in thinking; 
and although there are degrees in this intellectual 
excellence, yet all men will be admirets and judges 
of perfection in arts or in morals, in an exact pro- 


portion as they approach perfection themſelves, - 


provided only they have made themſelves perfectly 
acquainted with the principles of that art of WR 
they preſume to „ 
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T was a dogma of the ſtoics that FAY and 
evil depend upon opinion—Take away the 
opinion (ſay they) and the evil is removed ®. This 
paradox 1s, perhaps, not wholly incapable of ex- 
planation. Certain it is, that if we except the 
ſenſible pleaſures and pains, much of our temporal 
happineſs and miſery does depend upon opinion 
that is, upon an imaginary eſtimation or fear ac- 
quired from aſſociations of ideas. What renders a 
particular walk or apartment agreeable after being 
for ſome time habituated to it? but that the idea 
of the place becomes entwined and connected with 
the pleaſures enjoyed in it. What gives value to 

the lover's keep-ſake or the miſer's gold? not that 
either are of any uſe to them, but the one is afſo- 
tiated with the pleaſure of ſympathy, the other 
with that of convenience f. The moraliſts, there- 
fore, 

* See R. Autos. Med. Arrian Paſlim. 


+ Darkneſs and obſcurity are the only means by which the 
eye can be materially deceived in judging of bodies — The 
fancies, therefore; of apparitions, whenever they aroſe, moſt 
probably took their riſe from ſome miſconception of this kind; 


| and, indeed, the ow IE there is that men could be 
deceived 


Chap. 19, Pleaſures of Intillefs. SCH 59 
fore, who aſſert that we may be, in a oreat meaſure, 
the faſhioners of our own happineſs, are, perhaps, 


not materially miſtaken. The ſenſible pleaſures 


are more numerous than the ſenſible pains ; but 
the greater part of our happineſs i is intellectual, or 
formed by the i imagination. If, therefore, we can 
become ſuch maſters in reaſoning, as to analize and 
decompoſe thoſe paſſions which the imagination 
forms, the fairy fabrick is diſſolved, and our uneaſi« 
neſs is removed. Nor need we be prevented from 
uniting together agreeable aggregates of ideas, in 
which work nature will aſſiſt, and for the reaſon 
above intimated, viz. becauſe the ſenſible plea- 
ſures are more numerous than the ſenſible pains; 
and becauſe the 1 is "4 active in purſuit of 
pleaſure. 8 


deceived in the open day, made obſcarity be always choſen as 
the proper ſcene for terrors of this kind. Nay, the fear and 
caution which people muſt have in the dark on account of the 
danger there is of falling or injuring themſelves; the oppor- 
tunity it affords for ambuſcades, &c. and being the common 
time for committing murders, & c. muſt increaſe this apprehen- 
ſion. Beſides it deprives us in ſome meaſure of ſociety, and 

cuts off many pleaſing trains of ideas which objects in the light 
introduce. After all, probably ſo much of our happineſs de- 


pends on the action of our ſenſes, that the deprivation ot any 


one of them is attended with proportionable uneaſineſs. Much 
uſe has been made of this principle in the gloomy conſtruction 


of religious buildings, &c. ſuperſtition being the common 


| ren of fear. 


% 


: 

4:4 

= 

Þ; 

pil 
: 1 
L 
f 
: 
10 
f 


* 


On AY, KK + 
or THE FREE AGENCY OF MAN. | 


Prede eſtination, or fatal Nee, , not connected with the Dedrine Y 
the Aſeciation of Ideas. —Inconſiſtency of the Fataliſfi.— Motive 
and Aion in Morals totally different from Cauſe and Eſect it 
Phyſics. The Onus Probandi in this Queſtion lies on the Fa- 
 alifts.w=Queſtion concerning the Influence of Moti ves. — Argument 
of the Fatalifts from the Divine Preſcience.—Abſurd and horri- 
b Copſehuences reſulting from the Doctrine of Fatality. Ma. 
- - defly and Humility recommended in philoſophical Studies.>=T hofe 
Sciences to be preferred which are moſt connected with practical 
| Daub. 


HAT the doctrine of the aſſociation ot ideas 
ſhould, in the mind of any viſionary writer, 
Rs ever been connected with the fatal neceſſity of 
human actions, is, I confeſs; to me a matter of 
ſurpriſe. Miſerable, indeed, muſt be the ſtate of 
man, if he was endued with no power of regulating 
or directing the train of his ideas; if they muſt 
flow for ever in one neceſſary, unbroken channel, or 
if external objects alone were to dictate to us what 
to think. It is obvious, that if this was the caſe, 
there could be no variety, and ſcarcely any change 
in the purſuits of men: the thoughts muſt flow 
from each other in one uninterrupted ſeries, and 
man could not be an N and ſcarcely a 
rational creature. 
It is, however, plain, that we have a power of 
interrupting the train of thought, of dwelling more 
intenſcly 


Chap. 20. Jnconſytency of the Fataliſs. 661 


intenſely upon particular ideas, and even of occa- 
ſionally diverting our reflections and contemplations 
into new channels; and this power alone is ſuffi- 
cient, in my opinion, to conſtitute man a free 
agent . Indeed thoſe authors, who contend moſt 
for the doctrine of a fatal neceſſity, are among the 
firſt to recommend an application to ſtudy, and 


the cultivation of the mind; whereas, if the mind 


is endued with no ſpontaneous energy whatever, no 
ſelf-direQing agency, ſurely ſuch a recommenda- 
tion is inconſiſtent and abſurd F. 


On any queſtion of ſerious importance, analogi- 
cal reaſoning ſhould be admitted with the utmoſt 


It is impoſlible to obſerve, without a ſmile, men boaſting 
of being the diſciples of Mr. Locke, who have apparently never 
read a page of his writings, or, if they have looked into them 
have evidently miſunderſtood them. With how much juſtice 
this real philoſopher is repreſented as a favourer of the abſur- 
dities of the fataliſts, will appear from the following paſſage : - 
« This at leaſt (ſays Mr. Locke) I think evident, that we find 
in ourſelves a power to begin or forbear, continue or end ſeve- 
ral actions of our minds, and motions of our bodies, barely by 
a thought or preference of the mind ordering, or, as it were, 
commanding the doing or not doing ſuch or ſuch a particylar 
action. This power which the mind has thus to order the con- 
ſideration of any idea, or the forbearing to conſider it, or to 
prefer the motion of any part of the body to its reſt, and vice 
verſa, in any particular inſtance, is what we call the will. — 
Locke's Eſſay, B. ii. c. 21. 


+ If there is no degree of freedom or ſpontaneity in human 


actions, what is meant by the words deliberation, prudence, = 


and judgment? If the opinion of the fataliſts is true, our in- 
terference in any matter or action is ſuperfluous ; and yet who 
is there that does not perceive, that the courſe of a dangerous 
diſeaſe may be impeded by the calling in of a phyſician? a 


matter which was entirely within the choice of the patient 
himſelf. 
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caution ; and yet a ſenſeleſs and puerile anal 
has been called in to the aid of an argument, whigt 
cannot be ſupported by poſitive proof. Moyive 
and action in morals, have been compared to fauſe 
and effect in phyſics *. That ſome motive jn the 
mind precedes every human action is certain, and 
thus far the analogy is juſt ; but the motive may as 
well be in the will itſelf, as the mere reſult of any 
external cauſe. If, indeed, the analogy was true in 
all its parts, a human being would be altogether 
as ſubject to the laws of inert matter as a block of 
marble or of wood. Whatever is ſubje& to an 
abſolute neceſſity, can never be the incipient cauſe, 
or the beginner of motion or action of any kind; 
it muſt be altogether under the command and di- 

rection of external objects; it muſt be altogether 
inert or paſſive, having no principle of action in 
itſelf. On this account, as I before intimated, 
there would be much more uniformity in the actions 


»The arguments by which the atheiſts hare attempted to 
prove this analogy, are the moſt abfurd and puerile that can wel! 
be imagined. © Every effect,“ ſay they, « muſt proceed from 
ſome cauſe, and this cauſe muſt be dependent on another.” The 
direct concluſion from this is, © that there is no where any 
origin or beginning of motion, but every thing is neceſſarily 
produced by an eternal chain of cauſes and effects, without any 
independent origin.” Such reaſoning as this exactly reſembles 
that of the Indian, who ſuppoſes the earth to reſt on a croco- 
dile, the crocodile on an elephant but what does the elephant 
reſt on? In fact, to compare the operations of the mind to any 
of the qualities of matter, is to compare, as Dr. Clarke ob- 
ſerves, a ſquare to the colour of blue, or a triangle to a ſound. 
It is like the blind man, who, being aſked what idea he had of 
farlt, ſaid, he fancied it muſt be ſomething like the ſound of 
a drum. , „ En 
of 


preveing een to aſcertain how far the in 
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of men, if they were ſubject to a fatal influence, 
than there appears to be; there would be no dit - 
culty in deciding what muſt be their conduct in 
any given circumſtances, 

A freedom of deliberating, chuſing, and 3 
mining upon things, is what every man feels in 
himſelf “. It is the diate of nature and common 
ſenſe; one of the firſt perceptions we have of the 
operations of our own minds. It does not lie with 
us, therefore, to prove, that the human mind is 
free; but it lies with the opponents of liberty to 
prove, that it is not free; and this ought to be done 
upon direct, poſitive, experimental evidence, and 
not upon fanciful analogies or conjecture. 

The only argument which the fataliſts have ever 
been able to adduce, which at all bears upon the 
point, is this that men act from motives, and 
theſe motives are dependent upon ſituation and ex- 
ternal circumſtances. This, then, is really the 
point at iſſue between the fataliſts, and the advo- 
cates for the free agency of man. The former 
ſuppoſe the influence of motives from external 
cauſes to be abſolute and unlimited; the latter al- 
low the influence of motives to a certain extent, 
but they deny that it is abſolute and unlimited. 

In the preſent ſtate of human knowledge, it 
1 a ſpecies of dogmatiſm not to be endure(d, 


* « As it is in the motions of the body, ſd it is in the 
thoughts of our minds; where any one is ſuch, that we bave 
power to take it up, or lay it by, according to the preference 
of the mind, there we are at liberty,” —=Locke's Eſſay, B. it, 
0. 21. 
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fluence of external motives extends over the mind 
of man. That external cauſes ſhould have a cer- 
tain weight and influence with us, is certainly con- 
ſiſtent A5 the wiſdom of Divine Providence, and 
conſiſtent with that order and regularity which he 

has every where eſtabliſned. If men were to act 
entirely independent of all influence from external 
cauſes and circumſtances, the world would be an 
entire ſcene of confuſion and diſorder; if, on the 
contrary, they were endued with no power of choice 
or deliberation, the whole would be an inanimate 
uniform maſs, ſubject to certain and definite laws, 
as much as inert matter. In this, therefore, the 
fame happy medium appears to be eſtabliſhed as 
in other inſtances. Man, from his natural relation 

to external things; from that wonderful connection 
which exiſts between the body and the mind, is 
ſubject to a certain influence from ſituation and 
circumſtances ; but there is ſtill in his own mind a 
power of reflecting, deliberating, and deciding upon 
his motives and conduct. | 

Another argument in favour of fatality is de- 
duced from the preſcience of the Deity. © If God 
foreknows all things (it is alleged) then every 
event muſt be predetermined,” But this argu- 
ment reſts upon the ſame preſumptuous foundation 
as the preceding, which would politively determine 
the preciſe degree of influence that external cauſcs 
muſt have upon the mind of man. Dogmatiſm 
certainly never was the road to truth, and is utterly 
inconſiſtent with that modeſty and humility, which 
is the very characteriſtic of a real philoſopher. 
The preſcience of the Deity ! Who will dare to 

5 ſay 
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lege that he underſtands every particular cir- 
- 60 ance and attribute of the Divine exiſtence? 
Io fay that God cannot exerciſe his own powers in 
that way which is moſt agreeable to the ends that 
Infinite wiſdom propoſes, and infinite gogdneſs 
would dictate, is, to define and limit omnipotence ! 
and to affirm that God cannot conſtitute man a 


free agent, cannot in this inſtance diſpenſe with his 
own preſcience, is to ſay, that God is not omni- 


potent. This was long my own opinion; and I 


was happy to find it confirmed by the excellent and 


judicious Dr. Henry More, whoſe ſentiments on 
this ſubject were pointed out to me by a friend. 

_« Tt is true (ſays he) we cannot otherwiſe think of 
God's fore-knowledge, but as being every way clear 
and perfect, and without poſſibility of error, as to 
thoſe objects about which he judges or pronounces, 
And ſurely he does always judge and determine of 
things according as they are; that is to ſay, of a 
contingent thing, as it is contingent; and of a 


neceſſary thing as it is neceſſary, Whence it comes 


to paſs, that thoſe things which are contingent and 


proceed from a free principle of acting, are allowed | 


to be ſeen by God's conſent. 

But, not to confine God's omniſcience within nar- 
. Tower, nor aſcribe to it wider bounds than we do 
to his omnipotence, which all ſuppoſe to be an abi- 
lity to do whatever implies not a contradiction; let 
us diſpatch the difficulty in a few words, by ſaying, 


that the fore-knowledge of contingent effe#s, which 


proceed from a free principle of acting, does either 
imply a contradiction, or it does not. If it does 
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imply a contradiction, then ſuch effects are not the 
object of God's omniſcience, nor determined by it, 
nor rightly ſuppoſed to be determined at all. But 
if it docs not imply a contradiction, then we actu- 
ally confeſs, that divine preſcience, and human free- 
will, are not inconſiſtent, : bur that they may ſtand 
together.” 
The moſt deciſive argument, 27: King againſt 
the fatalifts, is, the extravagant concluſions to which 
this gloomy and comfortleſs doctrine leads, and 
the horrible conſequences which are attached to 
it. If man is a zecefary agent, he cannot poſſibly 
be an accountable being; for how prepoſterous is 
the thought, how inconſiſtent would it be with 
every principle of juſtice, to punith any being what- 
ever, or in any degree, for what he could not have 


avoided? In a theological view, therefore, this 


doctrine appears to conduct directly to atheiſm; 
for we cannot conceive of the Deity in ſuch a man- 
ner as to ſuppoſe him wantonly cruel or uyuſt. 
To ſay that future puniſhments are not to be (as 
the orthodox party conceive) eternal in their dura- 
tion, does not remove the difficulty; to puniſh 
at all for involuntary offences, is cruelty and 
injuſtice. The ſyſtem of free agency, on the 
contrary, is conſiſtent with all the attributes of 
God, and is highly conſolatory and inſtructive to 
man. This ſyſtem reſts upon the cleareſt baſis of 
juſtice. Man is created free; he has good and 
evil placed before him, with the ſtrongeſt and moſt 
conciliating motives in the Chriſtian diſpenſation to 
purſue the one, and to avoid the other. If he per- 
verſcly takes the wrong courſe, and proves incorri- 


2 | „ gibly 
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gibly wicked, every principle of reaſon and equity, 


ſanctions the juſtice of his puniſhment. —Into the 
nature of that puniſhment, it is not my preſent 
buſineſs to inquire. It will doubtleſs be ſuch as to 
fatisfy infinite juſtice, yet tempered by the ſweet 
and ſalutary exerciſe of infinite mercy. 

If the divine laws are thus outraged by the pre- 
poſterous hypotheſis of a fatal neceſſity; human 
laws, I fear, will not ſtand upon a much firmer 
foundation. To puniſh any criminal for an error 
which he could not avoid, is certainly not only 
cruel, but wicked in the extreme; and yet ſuch 


mult be the caſe, if the doctrine of the faraliſts is 


true “. 


On the whole, it is the part of true philoſophy | 


to avoid equally the dangerous extremes of an ar- 
rogant dogmatiſm, which profeſſes, like the igno- 
rant opponents of Socrates, to know every thing, 


* Inthe courſe of a very few years, it will ſcarcely be credited, 


that a book he been lately publiſhed on this very principle, 
and the argument of the author is briefly this. Man is a ne- 
ceſſary agent, he is therefore not an accountable being; his 


actions are all determined by his fituation and circumſtances, - 


taking in amongſt theſe his education and the degree of know- 
| ledge he has been enabled to acquire. What are called crimes 


therefore are only miſtakes, perfectly involuntary on his part, 


and he therefore (whether he is a thief, a murderer, or a par- 
' Ticide) ought not to be puniſhed, but inſtructed and reaſoned with, 


As no criminal ought to be puniſhed, all laws or regulations 


muſt be perfectly nagatory in ſociety, and even pernicious ; 
marriage is law, and therefore it is pernicious, and ought to be 
aboliſhed. It is happy for the cauſe of truth, when ſuch books 
are publiſhed ; for if the ſarcaſtic genius of a Swift could have 


more effectually burleſqued the doctrine of neceſſity, Iam no 
judge of i ireng. - 
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and of that perplexing ſkepticiſm which would de- 
prive the human underſtanding of capacity and in- 
telligence. As finite beings, many facts are ne- 
ceſſarily placed beyond the reach of our reſearches. 
They are neither ſuited to our faculties, nor our 
ſituation in this life; and where we have no baſis of 
fact on which to reaſon, error will generally be the 
conſequence of our indulging in viſionary ſpecu- 
lations. 

Jo conſole us fr this deficiency, we may ſtill re- 
mark, with ſatisfaction and gratitude, that if much 
is concealed, much alſo is known. There is an 
immenſe fund of practical knowledge perfectly 
within the graſp of our faculties. There 1s ſcarcely 
any human ſcience, which, to know it well, is not 
ſufficient ro employ the moſt protracted exiſtence of 
man. It will be more conſiſtent with happineſs, 
as well as with modeſty, to acquaint ourſelves with 
theſe, before we launch into the unfathomable abyſs 
of metaphyſical ſpeculation ; nor indeed can any 
thing be more diſguſting, than to hear a loquacious 
diſputant, who is unacquainted with the plaineſt 
and moſt uſeful branches of knowledge, preſuming 
to arraign the appointments of omniſcience, to 
56 re-judge his juſtice ;” to annihilate the intellectual, 
and to confuſe and diſturb the moral world. Much 
greater is his merit, much founder is his judgment, h 
who fabricates the ſimpleſt machine, or plans or 
executes the plaineſt undertaking that may be prae- 
ticaliy uſeful to mankind. a 

Vet we may innocently amuſe our curioſity; we 
may inne centiy gratify our thirſt of knowledge ; 
we may innocently crerciſe our faculties. But "let 

| us, 
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us, in the name of reaſon, exerciſe them on their 


proper objects; let us ſeek for knowledge where 


it is really to be found; let our curioſity employ 
itſelf where fact, experiment, and obſervation, may 
lead to ſome certain concluſion. The book of na- 


ture is open to us; the material world is diſplayed 
for our inſpection, and for our improvement; the 


intellectual world is covered with an almoſt im- 


penetrable veil. What God has choſen to reveal of 


himſelf in the holy ſcriptures, may be eaſily com- 
prehended; what he has choſen for the preſent to 
keep in reſerve, no mortal efforts will ever be able 
to develope. The ſimpleſt and moſt unlearned 
perſon who ſtudies with a pure heart, and an un- 
depraved mind, the ſacred volume, is practically 
wiſe ; the brighteſt underſtanding, the moſt exalted 


genius, who attempts to g9 beyond it, becomes 


inevitably a fool, 


THE END. 
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Electrical machine, I. 304. 
Electrometer, I. 328. 
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Fluids, elaftic, I. 106, 119. 
Fluidity, I. 9g, 

Fogs, II. 549. 

Fountains, artificial, II. 30 

Franklin, Dr. I. 289. 

Free agency of man, III. 560. 

Freezing, I 104.—II. 445. 

French chalk, II. 55. 

Fulminating ſilver, II. 246. 

— gold, II. 261. 


G. 
Galileo, I. 152. 
Garnet, II. 103. 
Gas, carbonic acid, I. 389. 
Gems, II. 98. 
Genius, III. 549. 
Generation. III. 449. 
Geſtation, III. 451. 
Glands, III. 105. 
Glaſs, H. 110. 
Glauber's ſalt, II. 23. 
Glue, III. go. 
God (proofs of a) I. 384. 
Gold, II. 253. 
Gravity, gravitation, I. 27. 
Gravity, Os I. 9 —II. 
476. 

Gregory, I. 156. 
Grottoes, ſparry, II. 70. 
Gum, III. 46, | 
Gun-metal, II. 222. 

Gun powder, I. 134. 
Gypſum, II. 65. 


Hail, II. 547. 
Hair, II. 2 30. 
Halley, I. 268, 274. 
Halo, I. 266. 
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| Harmattan, I. 477. 


1 
— Scale of, 145. 


Hyacinth, II. 102. 


Hartſhorn, 1I. 8. 
Hatred, III. 509. 
Head, III. 110. 
Hearing, III. 416. 
Heart, III. 265. 


70, 137. 


Horns, III. 231. 
Hurricanes, I. 475. 


Hydraulics, II. 480. 

Hydrometer, II. 473. 
Hydrophenous ſtone, II. 106. 
Hydroſtatics, II. 450. 


Hygrometer, I. 419. 


L 


| James's Powders, II. 169. 
. Jaſper, II. 109. 


Ice, II. 445. 


Ideas, ſimple and coinplex, III. 


470. 


Jelly, III. 90. 


Ignis fatuus, I. 516. 

Ignition, I. 27. 

Inflammable ſubſtances, Ih 
> 

Infleion of light, I. 276. 

Ink, II. 189. 


3 ſympathetic, It. 155. 


Inteſtines, III. 238. 
Invention, III. 489. 


| Iris, I. 287. 


Iron, II. 177. 


Judgment, III. "9% 


Lamp, 8 I. 131. 


Lamp black, II. 294 N 


Larynx, 


Larynx, III. 257. 
Latent het, I. 99. 
Lava, II. 121. 


Lavoiſier, I. 367.—III. 72. 


Lead, II. 202. 

— black, II. 296. 
Lens, I. 181. 

Lenſes, I. 211. 

Leyden phial, I. 287, 319. 
Liberty, III. 560. 

Light, I. 148. 164. 
Lightning, I. 338. 
Lime, II. 56, 61. 


Lime, phenomenon in EY 


I. 84. 
Liverſtone, II. 81. 
Love, III. 509. 
Lunar cauſtic, II. 245. 
Lungs, II. 263. 
Lvumphatics, III. 293. 
5 M. 
Magic lanthorn, I. 235. 
Magneſia, II. 57, 74. 

Magnetiſm, I. 9. 
Magnets, artificial, I. 51. 
Manganeſe, II. 146. 
Manna, III. 53. 
Manures, III. 36. 
Mariners compaſs, I. 45. 
Miarle, II. 63. 
Marrow, III. 107. 
Matter, I. 1. 
Memory, III. 482. 
Mercury, II. 226. 


Mieſentery, III. 233. 
Metals, II. 125. 


Meteors, I. 504.—II. 350. 


Mica, II. 76. 
Microſcopes, I. 229. 
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Mind, human, III. 461. 
Mineral tallow, II. 316. 
— Crs, II. 572. 
Mirrors, I. 189, 196. 
Moiſture, I. 417. 
Molybdena, II. 143. 
Monſoons, I. 467. 
Montgolfier balloon, I. 538. 


Moonſtone, II. 108. 


Morals, III. 543. 
Motion, I. 35. 


{ Mountains, II. 3 50. 
M uriatic falts, II. 38. 


Muſcles, III. 156. 
Muſcovy glaſs, II. 77. 
Muſcular motion, III. 383. 


N. 
Naphta, II. 308. 
Needle, magnetic, I. 45. 
Nerves, III. 311. 


Newton, Sir Iſaac, I. 1 7. 
Nickel, II. 149. 


Nitre, II. 28. 
— Cubic, II. 34. 


Nitrous ammoniac, II. 36. 


= Wh 
Ocean, II. 531. 
Oils, fat, III. 53. 
— eſſential, III. 55. 
Omentum, III. 234. 


Onyx, II. 108. | 


Opacity, I. 250. 
Opal, II. 104. 
Opinion, III. 558. 
Optics, I. 185. 


Orang Outang, III. 103. 


Sonar of metals, II. 131. 
— wn &c. II. 133. 
Oxyds, 
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Oxyds, vegetable, III. 42. 
Oxygen gas, I. 371. 

| P. 
Pain, III. 500. 
Parhelia, I. 268. 
Paſſions, III. 521. 
Perception, III. 466. 
Peritoneum, III. 232. 
Petrifactions, II. 62. 
Petroleum, II. zog. 
Pewter, II. 290. 


Phoſphorus, I. 171,—IL. 277. 


Phyſiognomy, III. 164. 

Plants, III. z. ü 

— .ppundhment, Ec. III. 

35˙ 

Platina, II. 266. 

Plating, art of, II. 251. 

Pleaſure, III. 50 

Plumbago, II. 296. 

Poles of the magnet, I. 44. 
Porcelain, II. 95. 

Pottery, II. 94. 

Pulſes of the air, I. 454. 

Pumice ſtone, II. 122. 

Pump, common, II. 505. 

Pump, forcing, II. 504, 511. 

Pupil of the eye, III. 429. 

Putrefaction, III. 81. 

Pyrometer, I. 145. 
Pyrophorus, II. 91, 287. 


Q 
Quartz, II. 104. 
Ms 


Rain, II. $40. 
Rainbow, I. 256, 259. 
Reamur; I. 91. | 


Reaſoning, III. 534. 


Reflection of light, V 180, 186. 


Refraction of light, I. 179 
199. * 
Repulſion, I. 33. 
Reſins, III. 59. 
Reſpiratiön, III. 365. 
Rivers, II. 5 56. 
Rods, conducting, I. 345. 
Roots of plants, III. 7. 
Ruby, II. 102. 
Rumford, count, I. 81. 
Rupert's drops, II. 113. 


85 
Sal ammoniac, II. 48. 
Salt, common, II. 39. 


Salts, II. 1. 
Sapphire, II. 102. \ 
Saturation, I. 23. 


Sea, I. 174.— I. 531. 
Secretion, III. 341. 
Senſes, III. 19. 
Sight, I. 218.—III. 426, 
Siliceous earths, II. 98. 
Silver, II. 239. 
Siphon, II. 466. 
Skin, III. 227. 
| Slate, II. 9. 
Slickenſides, II. 115. 
Smelling, III. 414. 
Snow, II. 546. 
Soap, II. 7. 
Soap rock, II. 75. 
Solidity, I. 10. 
Solution, I. 22. 
Sound, I. 452. 
Spar, Derbyſhire, II. 69. 
—— ponderous, II. 80. 
Sparry acid, II. 16. 


——= tartars, II. $1. 
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Speaking trumpet, I. 463. 

Spectacles, I. 224. | 

Springs of water, II. 551. - 

—— hot, II. 566. | 

Starch, III. 63. 

Stars, falling, I. 514. . 

Steam of boiling water, I. 110. 

engine, I. 110, —IL. 

4132. | „ 
Steel, II. 183. 

Stomach, III. 235. 

Zuction, I. 441. 

Sugar, III. 48. 

Sulphur, II. 289. 

Sun, I. 175. 

Swine ſtone, II. 73. 

Syphon, II. 467. 
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Tallow, mineral, II. 316. 
Taſte, III. 411, $55. - 
Teeth, III. 122. 

Teleſcopes, I. 156, 159, 227. 
Temperature, I. 83, | 
Tendons, III. 14. 
Terras, II. 123. 
Thermometers, I. 65, go. 
Tin, II. 195. 

Topaz, II. 102. 

Torricelli, I. 424. 

Touch, III. 408. 
Tourmalin, II. 103. 
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J | 
Water, II. 425. 


Vacuum, I. 426. 
Vapour, I. 106, 118. 
Vapours, veſicular, &c. II. 


Zinc, II. 170. 


Touchſtone (the) II. 257. 
Tungſtein, II. 71, 144. 
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$47. 


"Vegetables, III. 1. 
Veins, III. 288. 


Velocity of light, I. 171. 
Vermillion, II. 235. 
Viſion, I. 182, 218. 


_ Vitriolic ſalts, II. 23. 
Voice of man, III. 256, 379. 


Volcanic products, II. 120. 
Volcanoes, II. 357. : 


W. 


Waters, mineral, II. 572. 
Water -ſpouts, I. 351, 487. 
Wax, vegetable, III. 54. 
Weather, I. 519. 


] Wedgewood, Mr. I. 96. 


Winds, I. 464. 
Windpipe, III. 259. 
Wood, III. 4. 
Words, III. 495 · 
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